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lable oi Atomic Weights, 1916, thus bringing the IxKik 
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(Swanscombe), and Mr. W. E. Gibson, as well as to those 
authors previously acknowledged. 


HuK.NCUCRCII, KsiSEK, 
Dectmlnr, 1910. 


F. B. G. 


PREFACE TO FIRS'J' EDITION. 

The Author wishes to acknowledge his indebtedness to 
Messrs. H. W. Anderaon, C.E., H. K. G. Bamber, F.C.S.". 
J. W. Gatehouse, FI.C.. H. H. Slater, F.I.C., and j! T. 
Stiff, the anthers of the volumes consulted, and others 
who have materially assisted him during the compilation 
of this handbook. 

KiscsTON-OK-THAMrs, 

)90S. - 




CONTENTS. 


CHAPTER 1. 


IHTBODOCTIOK. 

' FAGS8 

rf’rologiie—Equivalent »SoIntion8—(’hemicals and Apparatus rc* 

qiiired—Books con'siilk‘<l,.!•# 


CJIAn’EK II. 

ANALYSIS OF RAW MATERIALS. 

Sampling—Chalk or Limestone—Marls, Gault Clay, (’alcareous 
Shales—('lay—Shales. Sandslones, and Slates- -Natural Cement 
Rock—Slags, ......... 5-40 


CHAPTER HI. 

CALCULATION OF PROPORTION OF RAW MATERIALS, ANALYSIS 
OF SLURRY, AND OTHER RAW MIXTURES. 

IjimcBtoncs—('lay, Shales, etc.—Calculation from Eormuls— 

Analysis of Slurry—Preparation of Standard Dry Slurry or Raw 
Meal—Slater’s Calcimetor—Bamber’e Calcimeter—Estimation 
of CaCOs by means of Standard Acid and Alkali—L (»b on 
Ignition, etc.—Control and Alteration of Raw Mixture, . 41^19 


CHAPTER IV. 

ANALYSIS OF FUEL, LUBRICANTS, WATER, AND 
KILN GASES. 


Coal—Coke—CaloriBc Power of Foci—Oils and Loorioants—Watn 

—Gas,.' . . . 60400 






CONTENTS. 


CHAPTEn V. 

CEMENT ANALYSIS. 

Britto SLeoifi«»tion Requireraonts—Accurate Mothods— 

CO noa ®"iods—Rapid Method for Lime—Analysis of 


CHAPTER VL 

THE ANALYSIS EXAMINATION OF AGGREGATES, 
CEMEN'^^^^P MIXTURES. CONCRETE, ETC. 

Notea-AggrcgatcM^^„j_^,^„^„,j^.^ j. 


I CHAPTER Vll. 

’notes on cement testing. 

Pmeness-Spccific C^„,,ity-Tonsile Strength-Setting Time- 
un nes '^^^jiression Tests—Useful Data for Testing 

• • .. 123 IPS 


APPENDIX. 


Bixamplea ol CalouUttpuj, occurring during Analysis—Directions 


Indiois, 


. 159-16L 



OESKST 






HAffoBOOK. 


CHAPTER 1. 

INTRODUCTION. 

As indicated by its title, this boci, • • ^ ^ , 

primarily for Cement Works CheW^/^ intended 

it is hoped that it may be found 

laboratories. Tt has been the aim Vf 

to include only essential details (if 

where this was possible without at A f 

separate process will be found in a 

graph, and a method once describe«lf 

the text by that number when it £ in“icated m 

carried out. An .epitome of most ,f ^ ^e 

will be found at the foot of the fiff Processes 

In this way the book may be of ^ escription. 

younger and less experienced f 

as for reference purposes by the es • 

For the sake of uniformity 
volumes of the solutions emplof 
according to Reddrop’s system, j 

followed by Phillips in his EngineT- 
A table will be found in the f 

instructions for making all the nef ** giving 
° jeessary reagents 
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and their yj terms of E, this being the 

symbol usedreagent ,equivalent or equi- 

j "“t 

the same degr®? •'accuracy as those employed m 
volumetric an particulars refer¬ 
ence should b.l the work mentioned. 

TViP fnllnwir ^ 'St of chemicals and apparatus 

required for t?" hand¬ 

book :— 

H EMJCALS REQUIRED. 


' cid. 

Pure hydrocliloi ic a 

Commercial „ li 

Pure nitric acid. j| 

„ snlplmi ic acid.j 

,, acetic acid. • . 

"id. 

„ hydrofluoric ad 
Oleic acid. ' 

Oxalic acid. j 

I’yrogallol. 

Idalc. 


. , \l''ate (-S-SO), 

Pure ammonium liy 

” ” ’’■'locyanate. 


» o thij 
Ammonium carbona 


itc. 


» 'tloridc^j^ 

« r ” /""'^^"^'ailiydrous). 

Soilmm carbonate 

» »i (' 

„ bicarbonate. . . , 

„ hydrogen pi. 

tbiosnlphatf 
,i hydrate. 


Sodium acetate. 

sulphite. 

Soda lime. 

Potassium biehromate. 
cliromate. 
ferricyanide. 
ferrocyanide. 
nitrate, 
licrmanganate. 
carbonate, 
hydrate, 
biaulphate 
chlorate. 

Ferrous ammonium sulphate. 
Magnesium chloride. 

„ oxide. 

Manganese carbonate. 

Copjier sulphate. 

„ oxida 
„ turnings. 

Silver nitrate. 
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Chumk; vls KKQUtBKii— (ctfMtowd). 


Ferrous sulp)ii(le. 

Platinum chloride. 

Piano wire. 

Leail nitrate. 

Indigo. 

Pure zinc. 

Mereuric chloride. 

hitmue. 

Bromine 

Methyl orange. 

Ihstilh'd water. 

J'henolphthalein. 

Oakiiim chloride. 

Alcohol. 

carbonate. 

Ether. 

Iceland .spar. 

J’araffin. 

Barium chloriilc. 

Petroleum ether. 


APPARATUS REOUIREU. 

Abel's Hash point apparatus. 

Cork borer. 

Ab.sorplion apparatus. 

(‘orks. 

Accurate balance and weights. 

Crucibles. 

•Vgate pestle and mortar. 

De.siccator. 

Air oven. 

1 Irying tubes. 

Argand burners. 

Erlennieyer flasks. 

Barometer. 

1-haporating ba.sins. 

Battery. 

File. 

Beakers. 

Filter j)apcr. 

Bellows. 

Flasks. 

Blowpipe. 

Funnels. 

Bottles. 

Uas analysis apparatus. 

Bunsen burners. 

Retort .stands. 

Burette liolders. 

Class tubing and rod. 

Burettes. 

Ciaduated flasks. 

Calcimeters. 

Grease pencil. 

Calorimeter. 

Hot plate. 

Clips. 

India-rublter tubing. 

Clock glasses. 

Iron pestle and mortar. 

Condensers. 

Measuring tnbes. 
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Api’akatus Required—( cojiiijmfi/). 

Microscope. 

Sieves. 

Muffle furnace. 

Specific gi’avity bottles. 

Nitrometer. 

Spatulas. 

Phillips beakers, 

Spotting tile. 

Pipe-clay triangles. 

Thermometers. 

Piltottes. 

Test tubes. 

Platinum crucible and capsule. Vi.scosimeter. 

Keagent bottles. 

tVarc pe.stb! and moitar. 

Retorts. 

Wash bottles. 

Rough balance. 

Watch glas.so.s. 

Rubber bungs. 

Sample jars. 

AVeighing bottles. 

The following works have been consulted in the 
compilation of this book, and are recommended 

for reference purposes 

:— 

Autfiors. 

Hook. 

Phillips. 

Engineerimj ilhem isiri/. 

Stanger and Blount. 

Re]>rint from J.S.V.I. on Cement 


Analy.sis. 

Clowes and Coleman. 

Qmiilitathe A 

C. and J. J. Beringer. 

A Tnt Book on Axmijing. 

Dennis. 

llempel’s Gaa Anahisis. 

Kenwood. 

I’ltblu IBalth hihonilorii Work, 

Baylcy. 

Climist'is Pocket Bool. 

Meade. (U.S.A.) 

Portland Cement. 

Eckel. „ 

Lime.'!, Piasters, and CmenU. 

Taylor. „ 

Cement Testiinj. 

Orton. „ 

Ilydradk Cements (Ohio Survey, 


vol. iii.). 

McIIor, J. W. 

A Treatise on (imntiialke Inorganic 


Analysis (Griffin). 
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CHAPTER IT. 

ANALYSIS OF RAW MATERIALS. 

SampIing.-AVlu'ii sampling a Jiew supply, or 
possible source, of ruAV materials, great care must 
be taken to obtain an ac'curatc aA'erage sample. 

Wheji possible the sampling should be supervised 
by the cihemist or other competent person. The 
])lan to be followed necessarily varies with the 
situation and mattwial, and must be left to the 
discretion of those on the spot. If possible, samples 
should be taken at different dcjffhs as well as in 
different places on the surface of a deposit. Each 
sample should be carefully numbered and labelled 
for reference purposes. Distinct geological layers 
should be specially sampled and separately 
analysed. 

All the samples should be examined separately, 
and an average sample of the lot should also be 
niade and analysed. In the case of large samples 
of fairly dry materials, such as limestone, <the 
material should be reduced to a convenient size, 
thoroughly mixed, made into a heap, and sampled 
by “ quartering ” ; - that is, the heap is divided 
into four equal parts diagonally, and an equal 
amount taken from each part; if necessary, this 
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may be repet^*'^ ^ convenient weight or 
bulk is obtaim®^’ ®'^®® ^®^ clays, etc., 

greater difficv'^^y ^® experienced, and these 
are more reat^^y sampled after being allowed to 
partially dry. *^^® percentage of moisture in 
sample is r*e<iuired, however, this should be 
done approxi>“at®ly using as large a sample as 
possible, as w\®^^ more accurately, as described 
later. 

(1) Chalk Limestone.— If sufficiently dryj 

break up the sample in a clean iron mortar, and, 
by quartering,' obtain a portion for examination 
weighing aboui*^ grams. Store the remainder 

in a numbered ®od labelled jar or large bottle for 
reference purpcf®®®- Grind the smaller portion by 
hand or in a cl(f*oi sample mill to .all pass through 
the 100-mesh *md place in a clean, dry, 

stoppereri bottll® analj'^sis (A). 

(2) Moistri*’®*—'^®^y ^®^ difficult to 

reduce to poWf^®^» weigh up on a “ decimal ” or 
other balance A® quantity as possible, say 

1,000 grams, of^i ^^'® "roughly crushed sample. Place 

in a large tin ‘^y ®^®’' *^® 

plate, taking (^are that the temperature does not 

rise above 11 ^ to 120° C. When apparently 
quite dry allo\t cool, and weigh. 

Loss in weigUf approximate moisture. 

Repeat if neP®®sary, calculate to percentage. 

• As a rule a f®*‘y approximate estimation of the 
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moisture only is necessary. Treat tke dry sample 
as in (1). 

<3) If fairly dry and readily powdered, an 
accurate estimation of moisture may be made as 
follows 

Weigh out accurately into a iflat porcelain 
weighed dish or capsule 5 grams (j)f the sample 
(A) and place in a steam or hot air oven at a 
temperature of 100° C. for one hiour. Remove 
from oven and place in a desiccato/r; when quite 
cool weigh rapidly; note weight. | Generally one 
hour’s drying is sufficient, but th^ result should 
be checked by replacing in the oven for another 
twenty minutes, cooling and weighi/ng as before. 

Loss in weight x 20 percent4ge of moisture 
at 100° {'. j 

Place the dried material in a ^dean, dry, stop¬ 
pered weighing tube, and use for |inalysis. 


Epitome. 

Break up sample roughly. 

“ Quarter ” to about 300 graihs. 

“ Approximate moisture ” on jhot plate. 
Accurate moisture in oven at 100° C. 

Reserve large sample for reference, dried 
material for analysis. 

(4) Loss on Ignition —Into fa weighed plati-' 
num capsule or crucible weigh 6ut 0-5 gram of 
the dry material and, place in a/ gas muffle at a 
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bright red heM for twenty minutes. It is some¬ 
times necessa|ry to cover the capsule with a 
crucible lid di'iring the first five minutes of heat¬ 
ing to avoid |oss by “ spurting.” At the end of 
the twenty minutes remove from muffle and allow 
to cool in a desiccator; weigh. 

Loss in wicight x 200 -- loss on ignition (or 
CO 2 + H./) and organic matter). 

Reserve rcsi'due for analysis. 

Epiloiiie. 

OT) gram iji nudffl^ for twenty minutes. 

Cool in d{\4iccator a,nd weigh. 

I 

(5) Silica afpd Insoluble. - Brush the ignited 
residue from {i'} into a (i- or 7-ineh evaporating 
dish, flat form. I CaTitiou.sly add about 15 e.c. of 
distilled water,; rotate to prevent formation of 
lumps, and addj 25 e.c. of lOE RCl; wash out the 
platinum vessel with a little acid into the dish, and 
place latter on vhe cooler part of a hot jilatc or on 
a water b.ath. 

Evaporate very carefully to dryness to avoid 
spurting, and tlaen cover w'ith a clock glass and 
remove to the ’hottest part of plate and allow to 
bake for one hejur. Remove from hot plate, allow 
to cool for five minutes and add 25 c.c. of lOE HCl 
and warm ver\ gently until the residue is free 
from colour due to iron compounds. Wash down 
clock glass and ,'nterior of dish with boiling water 
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from a wash bottle. Filter through 9* or 12'Cm. 
“ rapid ” paper into a 40-o?,. Phpips beaker, 
retaining as much as possible of the Residue in the 
dish ; wash by decantation thus tr-ree times at 
least, and then Avash residue into thf filter, scrub 
out the dish by means of a rubbe ‘-tipped glass 
rod. and finally with the ti}) of thf^ finger, until 
every trac*' of residue is contained/ in the lilter 
pfi])er. 

When (iltrate has run through, plfcice the funnel 
and contents, which, as well as all ofher apparatus 
used, should be distiiiguished by a npnber or mark, 
in a. drying cone on the hot ])late ci>i' oven to dry. 
f'arefully transfer paper and conteull'« to a weighed 
and marked ])oreelaiu crucible, burii off pajier over 
a huruer or in the mouth of the niui|^le furnace, then 
ignite in mullle for one hour. (Vijol in desiccator 
and weigh. 

It is convmiient to retain all \ ppts. obtained 
during analysis for igjiition together later. 

Weight - weight of crucible ii]sol'ublc. 

Insoluble ,■ 2(K) per cent, .silica i-insoluble. 

Epitome. 

To residue from (5) add 25 c.c. lOE HCl, 
evaporate to dryness, and blako. 

Take up Avith 25 c.c. H(J1. Filt(3r> wash, weigh. 
Reserve filtrate for (7). ' 

(6) It is not generally necessat-T to separately 
estimate the soluble and insolub^o SiOz, but this 
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may be dtmel on another portion of the original 
material as f{|)lIows:—^Weigh out 0-5 gram into a 
5-inch evaporjlating dish, add water as before, and 
cautiously adiid 25 c.c. lOE HOI, covering the dish 
as much as p|o8sible with a clock glass to prevent 
loss. Warm can a hot plate until all soluble matter 
is in solution,] then filter this through 9-cm. rapid 
paper and w<ash by decantation, retaining the 
residue in the dish. The filtrate is used for SO* 
estimation (13\ 

Invert the funnel over the dish and wash out 
any trace of residue in the paper. Add 10 c.c. 3E 
NajCO, solutioifi and boil for ten to fifteen minutes, 
filter rapidly tlhrough the paper previously used 
and wash witlh boiling water until free from 
alkali or until L drop of filtrate evaporated on a 
watch glass leajves no residue. Dry, ignite, and 
weigh. 1 

Weight X 2(Kj .u. per cent, insoluble residue. 

It may be njecessary to estimate alumina and 
iron oxide in tihe insoluble residue by “ fusion ” 
or after treatmcjiit with HF. 

I E idiom e. 

0 5 gram treated with 25 c.c. H(1 warm. 

Filter byj decantation, wash. 

Boil residu^ with 10 c.c. NaaCfl, solution. 

Filter, waslj, dry, weigh. 

I 

(7). Alumina and Iron Oxide.— The filtrate 
frojn (5) is retur^ied to the dish and warmed until 
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nearly boiling. Add a drop or two of bromine 
water; continue to warm, and add carefully 
lOE NH4OH until a ppt. forms; stir with 'glass 
rod and add slight excess. Allow to remain on 
hot plate until nearly free from odour of- am* 
monia, or about fifteen minutes. Filter through a 
Ifi-ctn. rapid paper and wash with boiling water, 
churning up the ppt. on the filter paper with the 
water jet, until a drop of the filtrate gives no 
indication of the presence of chloride when tested 
E 

with ^ AgNO, solution. Dry and ignite in muffle 

one hour, cool in desiccator, and weigh. 

Weight of ppt. X by 200 = per cent, of Al^Oa + 
Fe^Oj. Ihe amount of AljO^ -| Fe 203 in a lime* 
stone is generally so small as to render separation 
unnecessary. 


Epitome. 

Filtrate from (5 ); nearly boil. 

Oxidise with Br water and ppt. with NH 4 OH. 
Warm for fifteen minutes, filter, wash, 
ignite, weigh. 

( 8 ) Lime.— The filtrate from ( 7 ) is brought 
nearly to boiling point in a large Phillips beaker. 
Add a few c.c. of 5E NH 4 OH and boil; whilst 

boiling, add 50 c.c. of boiling Am. oxalate 

solution, place a watch glass over beaker and allow 
to steadily boil for five minutes. Remove from the 
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direct heat and allow to settle, if possible in a warm 
place, for one hour or longer. 

Filter through a close-textured 15-cin. paper 
into a large bottle or beaker, wash the jjpt., first 
by decantation with warm but not boiling water; 
then wash ppt. into the filter paper, removing any 
traces adhering to sides of the beaker by means 
of a rubber-tipped glass rf)d. 

The lime may be determined gra\imefiic.illy 
as CaO (8«), (‘aCO:, (8/>), or (’aSO,, (9). or volu- 
metrically by means of standard permanganate (10). 

(8ff) Gravimetric Determination as CaO. 

—Wash the ppt. until free fiom chloride's, dry, 
igiiitc in platinum eriicible, at first over bunsen 
then over a blast bunier, or in hot mnlUe furnace, 
cool in desiceatoi' and weigh, repeat ignition until 
a constant weight is obtained. 

Weight of CaO ; 200 per cent. CaO. 

Per cent. CaO ;; l-78() = per cent. CaCth. 

(8b) Gravimetric Determination as CaCOa. 
—^\\^ash ppt. until free from chlorides, dry, and 
ignite, preferably in a platinum crucible, over a 
bunsen burner, allow to cool, and moisten con¬ 
tents with 5E AniaCOa, carefully drive off moisture, 
and again ignite over bunsen. Cool in desiccator 
and weigh as CaCOj. 

Weight of CaCQs x 200 - per cent. CaCOs. 

Per'cent. CaCOa x 0-56 per cent. CaO. 
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(9) Lime as CaS 04 —Wash calcium oxalate 
ppt. until free from chlorides, dry, place in weighs! 
platinum crucible with a lid, and ignite gently 
over a bunsen burner to burn off filter paper. 

Reniove from burner, allow to cool, and add by 
means of a pipette or glass tube with a fine point 
a few drops of w-atcr, then, drop by drop, pure 
strong (:ibE) 11.^804, holding the lid over the 
crucible whilst so doing, until the whole of the^ 
ppt. is moi.stened with the acid. Heat the 
uncovered crucible over an argand or bunsen 
burner with a rose top, using a very small flame, 
in a draught cupboard until fumes cease to be 
evolved. Replace the lid and heat just to red¬ 
ness over a burner for about thirty seconds, cool 
and weigh as Ca>S() 4 . 

W'cight of CaSOi x 0-412 x 200 - per cent. 
daO ; or use table (see Appendix). Calculate to 
(laCO;, as in (10). 

(10) Volumetric Determination of CaO.— 

In order to avoid accumulation of a bulky filtrate 
for MgO determination, continue w'ashing the cal¬ 
cium oxalate ppt. on the paper into another 
vessel until a drop of the filtrate will not discolour 
a little distilled water rendered just pink with a 
trace of permanganate solution acidified with 
5E H,S04. 

Then carefully remove the paper and its contents 
from the funnel, open it out over a large ordinary 
beaker, and wash the ppt. from the paper into the 
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beaker; it is better to complete this operation by 
using a small wash bottle containing 5E HjS 04 . 
Add 15 to 20 c.c. of this acid, make up the contents 
of beaker with water to about 250 c.c., and bring 
to boiling point. 

Titrate with standard permanganate solution, 
the strength of which is known in teri^ of CaO, 
until a permanent pink colouration iS^itained. 

Number of c.c. used x ftictor x 20 (^=: percent¬ 
age of CaO. 

Per cent. CaO x 1-786 - CaCOs. 

Epitome. 

( 8 ) Boil filtrate (7); add ammonia + 50 c.c. 
boiling Am. ox. ; allow to settle, filter, 
wash, ignite, and dry as CaO (Ha) or 
CaCO, ( 86 ). 

(9) Dry, ignite, add sulphuric acid in platinum 
crucible, drive off sulphuric acid, weigh 
as CaS 04 . 

(10) Dissolve in 5E HjS 04 + H^O, boil, titrate 
with standard potassium permanganate. 

(11) Magnesia. —Evaporate the filtrate from 
( 8 ) nearly to dryness in the large dish; add 30 c.c. 
16E HNO 3 ^nd heat on hot plate in draught 
cupboard until no more ammoniacal salts are 
volatilised. 

Remove from plate, allow to cool; thm add 
about 5 c.c. o^ lOE Ua and about 20 c.c. of 
water.. Warm and add slight excess of lOE 
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NH4OH; filter off the small ppt. of 
FejOj through a 5 cm. rapid paper and wash. 
This may generally be ignored as being du,e to 
impurities in the reagents and from the vessels 
used. 

To the filtrate, which should not excted 100 c.c. 
or so, when cool add at least 10 c.c. of 20E NH4OH, 
2E 

then r> c.c. of Na2HP04 solution. Stir well with 

a rubbcr-tipiied rod, but avoid touching the sides 
of the beaker as much as possible, and place in a 
dish of water or other cool place to settle for 
twelve hours (over night) if time permits. 

When the ppt. has completely settled, filter 
through a 7- or 0-cm. close-texture filter paper, 
wash by decantation, using 5E NH4OH ; then> 
transfer ppt. to the paper, rub out carefully 
any particles adhering to side of beaker, and 
wash on the paper until a drop of the filtrate, 
when acidified with HNO3, gives no ppt. with 
E 

g AgNOa solution. 

It is important that the washing should be com¬ 
plete, but not excessive. 

Ignite, best in a platinum crucible, first at a low 
temperature over a bunsen burner and then at a* 
higher temperature; or in a muffle furnace for 
twenty minutes. Cool in a desiccator and weigh 
as MgaPaO,. 

Weight of MgsPjO, x 0-362 x 200 - per cent. 
MgO ; or use table (Appendix). 
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Per cent. MgO x 2*1 per cent. MgCOj. 
Sodium ammcmium phosphate (microcoamic salt) 
has been recommended in place of sodium hydro¬ 
gen phosphate. 


Epilomc. 

Evaporate lime filtrate to dryne,ss. 

Add 30 c.c. 16E HNO^ and drive off am¬ 
monium compounds. 

Take up with .5 c.c. lOE H('l, ])pt. with lOE 

NH4OH. 

Filter, wash, cool. Add 20 c.c. lOE NH4OH 
and 5 c.c. Na 2 HP 04 solution, stir. 

Allow to settle, filter, wirsh with oE NH 4 OH. 

Dry, ignite, weigh as MgaP^Oj. 

Calculate to MgO or MgCO,,. 

(12) Alkalies are generally estimated by differ¬ 
ence, but the method described under ('lay (31) or 
Cement (122) may be adopted if necessary. 

(13) Sulphates.—P»oil the filtrate from ( 6 ) and, 
whilst still boiling, add 10 c.c. of E Ba( 'k solution ,- 
after five minutes allow to settle in a warm place 
for a few hours. Filter through a 7-cm. “ sul¬ 
phate ” paper, wash with warm water until free 
from chloride, dry. ignite, and weigh as 
BaS 04 . 

Weight of B.aSOi x 0-3431 200 = per c^nt. 

of 'SOju (see Appendix 26a). 
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Epitome. 

Filtrate from (6). Boil, add 10 c.c. E Bad,. 

Allow to settle, filter, wash, ignite, weigh as 
BaSO,. 

(14) Accurate Estimation of Carbon Di¬ 
oxide.— One gram of the limestone is decomposed 
by hydrochloric acid in a flask, the carbon dioxide 
evolved is absorbed by potash solution, after pass¬ 
ing over various reagents, and weighed. 

The following apparatus must be fitted up. The 
lettering refers to the illustration, (B'ig. 1.) ' 

A fairly wide-mouthed flask (A) is fitted with a" 
three-holed rubber bung; thrpugh one hole is 
passed a stoppered funnel (6); a tube (a), con¬ 
taining soda-lime, is passed through one of the 
other holes ; and the remaining one is fitted with 
a glass tube which is connected to the absorption 
apparatus. A two-holed bung may be used, in 
which case the funnel is substituted by a pipette 
connected at the upper end with a soda-lime 
tube, a clip is placed on the connecting rubber, 
and this is released when the acid has to enter 
the flask. The tube leading from the flask is 
connected by the rubber tubing, first with biilbs 
(B) containing strong 11,80,; secondly, to a 
U-tube {C), the nearer limb of which is filled with 
copper sulphate pumice, and the other with solid 
calcium chloride. Connected to this tube are the 
potash bulbs (B), in wWch the carbon dioxide ha^ 
to be absorbed and weighed; and these ai» 
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turn connected to a straight tube containing 
calcium chloride, which is weighed with the bulbs. 
The absorption bulbs should be filled with 



5B KOH solution in sufficient quantity to half 
fill the smaller bulbs and to be contained in the 
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large pear-shaped bulb should there be any back 
pressure. The whole apparatus is connected with 
an aspirator made from a Winchester quart bottle 
as shown. 

Instead of ])ota.sh bulbs, a U-tube containing 
soda-lit)U' may be used. 

SfoppHied U-t'jbe,s are to be preferred to corked 
ones ; if the latter are used, they should be made 
air-tight with paraffi?) wax. 

A little cotton-wool should be phuicd before and 
after the calcium chloride and pumice-stone in 
the tubes, to ])X'ev(‘nl the passage of fine dust. 

All rubber connexdions should be wired on and 
the apparatus te.sted before u.se. When the 
apparatus is ready for use, detach the absorptifxn 
apparatus ; close tlui open end of the rubber tube 
by means of a bit of glass rod. Sec that the bulbs 
and tube an-, (juite dry, and weigh. 

Weigh into the flask I giam of the material, 
cover it with watcu'. Place 50 c.c. of 5E HCl in 
the funnel or pipette, and reconnect up the whole 
apparatus, except the aspirator. (lose the air 
inlet through the soda-lime tube, by means of 
rubber tubing and clip. 

Allow acid to drop slowly on the carbonate so 
that the bubbles of air driven from the apparatus 
may be easily counted as they pass through the 
sulphuric acid ; continue addition of the acid until 
effervescence ceases. 

Close the stopper of the funnel, or, if a pipette, 
carefully push the point under the surface of the 
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liquid, attach the aspirator and set it in action. 
Place an argand burner under the flask and warm 
gently. Open the air inlet tube so that a current 
of air is made to pass through the apparatus until 
quite half the water in the aspirator has run out. 
Then stop the operation, disconnect and stopper up 
the weighed bulbs, allow to get quite cool, and 
weigh. 

Increase in weight .100 per cent. CO.. 


KpiUmc. 

One grain decomposed by hytlrockloric acid 
in the absorjition apparatus. 

Carbon dioxide absorbed in jiotash or soda- 
lime, and neighed. 

(J5) Rapid Estimation of Carbon Dioxide. 

—A rapid and fairly accurate estimation of carbon 
dioxide may be made in the following apparatus, 
represented in Fig. 2. 

Fit a wide-mouthed 4-oz. flask with a rubber 
bung. Through one hole place a piece of glass 
tube attached to a straight-drying tube. Through 
the other hole run a piece of glass tubing closed at 
the outer end with a small piece of rubber tubing 
and glass rod. 

A small piece of cotton-wool is first placed in the 
bulb tube, and the bulb is then filled with dehy¬ 
drated copper sulphate pumice followed by granu¬ 
lar calcium chloride in the straight part; another 



ANALYSIS OF RAW MATERIALS. 


21 


piece of avooI is tlien inserted and the tube clo.sed 
Avith a cork bearing a small glass tube. 

Thoroughly drj’’ the apparatus, weigh out 1 gram 
of the carbonate and brush it. into the flask ; cover 
with water, <ind t.heji lower a small glass or gutta¬ 
percha test tube containing about 7 c.c. of 5E HCl 
into 1 he fla.sk in- means of a ])iece of cotton. Insert 
the .stopper so that the cotton from which the test 
tuhe is siis]tcnded is held in place. 



Weigh the whole a])paratus and contents. 
Slightly ti]) the apparatus so that the acid is 
cau.sed to leave the test tube a little at a time. 
When effervescence has ceased, w'arm the flask 
over an argaiid burner for about five minutes; 
allow" it to cool somewhat, and then draw, by meajis 
of an aspirator as in^(I4) or by the mouth, a 
current of air through the apparatus, for this 
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purpose removing the rubber cap of the inlet 
tube. Allow the apparatus to cool, see that the 
exterior is quite dry, and weigh complete as 
before. 

Loss in weight ■ 100 - per cent. CO... 

A determination can be made in about thirt.j’ 
minutes. 

A modified iSchr(')ttei'’s apparatus may be em¬ 
ployed in place of aboA e if ]iiefm‘red. 


E pi Ionic. 

Weigh into prepared flask I gram. 

Decompose with hydrochloric acid, warm, 
cool, weigh. 

The total carbonate in an ordinary chalk or 
limestone may be rapidly estimated as calcium 
carbonate upon one of the calcimeters described 
in Chapter 111., and esjiecially conveniently upon 
Slater’s instrument, using the table given in 
Appendix {21 a and 28.\). 

A dolomitic or magnesian limestone is insoluble 
in cold hydrochloric acid, and therefore the carbon 
dioxide cannot be estimated upon a calcimeter. 
Of cour.se, for Poitland cement manufacture to 
standard specifications such limestones are u-seless, 
and therefore of no importance. 

.Should an analysis of such material be required, 
the methods previously described (5, fi, 7, 8) may 
be used ; but care must be taken that throughout 
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the analysis there is a sufficient quantity of ammo¬ 
nium chloride present to prevent the precipitation 
of magnesium by ammonia. 

In reporting the result of an analysis of a chalk 
or limestojic, it is genei'ally sufficient to state 
total lime as ('aO, and its etjuivalent of Caf’Oa 
sepalatcly, AlgO, loss on ignition (which includes 
('(b. 11,0. and organic matter), silica, ferric oxide 
and alumina ; and alkalies by difl'crence. 

MARLS, GAULT CLAY, CALCAREOUS 
SHALES, d’lic.sc materials, as found in the 
British Isles, are inb'rmediate in chejuical com- 
])()sition between limestones and true clays and 
shales. 

'I’he method adojited foi' analysis must largely 
depend upon the particular material under exami¬ 
nation ; where the calcium carbonate is present in 
the proportion of 70 to 75 per cent., the processes 
described under Lime.stone (1 and following) may 
be used. When the CaCO., does not exceed 25 per 
cent., the methods to be described for clays and 
shales may be used, varc being taken that, after 
treatment with sulphuric acad, sufficient lOE HCi 
is used to take up all the calcium sulphate formed, 
or this will be included erroneously in the “in¬ 
soluble.’" 

The following method giving total SiCh, EesjOj, 
AljO;;. CaO, and MgO may be used in mo.st cases 
satisfactorily. 

(16) Weigh into a capacious platinum crucible or 
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capsule 1-0 gram of the dry sample (3), and ignite 
ill muffle at a good red heat for twenty minutes. 
€ool in desiccator and weigh rapidly. 

Loss in weight ' 100 ^ percentage loss on 
ignition. 


(17) jVIix the ignited residue with about u grams 
oi fusion mixture or pure anhydious sodium 
carbonate in a platinum crncible or large capsule, 
using the smooth end oi a glass rod to incorporate 
the contents. 

Heat carelnlly over a Imnsen luirner for about 
ten minutes, and then ov<'r a blast burner or in a 
muffle until the lui.vture is in a stat(‘ of ([uict, com¬ 
plete fusion, liotate the ciiuiible to s])read the 
fused mass as much as possibh', and then allow to 
cool rapidly by standing in a little cold water or 
on a cold slab. Place in a large evaporating 
basin, cover with distilled water and <ligest on hot 
platii until the mass has bj'oken u]) and the (Tucible 
and lid can be washed clean. If nec-es.sary, a little 
AE HCl may be used to ensure the crucible being 
clean. Then add sufficient lOE H(_'l, a little at a 
time, covering the dish as far as possible with a 
clock glass to prevemt loss, until a clear solution 
is obtained. 

Evaporate to djyness on the hot plate or air 
bath, remove and add about 10 c.c. of lOE H(E 
and wash any material from the clock glass and 
sides down into the bottom of dish. Evaporate 
slowly to dryness, if necessary breaking up any 
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lumps that form with the end of a glass rod; when 
dry, bake on the liot plate for at least one hour. 

Remove from the liot plate and, when jrearly 
cool, add 2.5 e.e. lOE HCl and sufficient water to 
dissolve the <!hlorid(‘s formed. 

Recant through a 12,^ cm. j'apid paper, add 
more acid to residue in ba.sin and warm if neces¬ 
sary. wash till free of chlorides. 

Re-evapoiate filtrate in same basin, ])rocecd as 
abov’e, lilter, wash, and place both filters whilst 
moist in a platiiuim cnieibie, ignite, and weigh. 

IVeiglitof residue 100 = ••uncorrected SiO.. ” 

Moisten with dislilltal water and half till crucible 
with HF, add .') drops of .‘iOE tLSO,, warm in 
fume chamber until dry, repeat, and heat to 
bright redness and then blast or ]tlac<' in muffle 
for fiv('min\ites. Cool in desiccator and weigh; 
niidtiply by 100 and dediud from ‘•uncorrected 
.Sit),.” 

Residue may be an.-dysed for Al/)., CaO. and 
MgO, but is chictly AI.O,, or it may be fused, as 
described above, and the solution added to main 
tiltrate. 


(17/') The total .AhO;, ; FeA);, maybe estimated 
in the tiltrate from SiO, separation (17), as de¬ 
scribed in (7), but first ]jpt. should be filtered off, 
lightly M'aslied, dissolved in hot lOE HCl, repre¬ 
cipitated with IOENH 4 OH, filtered, washed, dried, 
ignited, and weighed in platinum crucible. 

Weight of ppt. X 100 = percent. Fe^Oa x Al.O;,. 



26 


(CEMENT CHEMISTS’ HANDBOOK. 


(17c) Estimation of FcOe. —Fuse the ignited 
ppt. from {\lh) in the jilatinuni crucible with 
pyi'o- or bi-sulphate of potassium, allovN to cool 
and dissolve in cold distilled water, acidify with 
5E HjSO,, and estimate iron voliimetrically (26) 
or (27). 

If preferred, the tilt rate from (17) may be made 
up to a known volume ajid divided into ecpia! 
portions, using one for determination of Fe.O,, 
(25, 26, 27). 

In the tiitratos from (175) estimate CaO as in 
(S) and MgO (II). 

The purity of the reagents employed should be 
tested by performing a. “ blank ” analysis using 
same (piantit ies. 


E pi lame. 

Fuse ] gram with fusion mixture. 

Dissolve mass in water aiid hydrochloric acid. 
Evaporate to dryness, bake, cool, take uj> 
witli water and hydrochloric acid. 

Filter, wash, and weigh SifK. 

P])t. AljOsFe.X),; with ammonium hydrate (7). 
Filter, wash, w eigh. 

Estimate Feotl, (175). 

Filtej'. wash, weigh. 

Ppt. CaO with ammonium oxalate (8). 

F^ilter, wash, estimate. 

Evaporate to dryness, add :50 c.e. nitric acid. 
Estimate MgO as Mg^PjO, (11). 
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(18) CLAY. - A mechanical analj^sis of clay, 
except for brickmakiiig. is not often required. 
When necessary it may be carried out on the 
undried samples by elutriation. For tliis purpose 
an apparatus .specially made may be used, or a 
serie.s of bottles or jars can be fitted up as 
foll</\\s; 

Choose three wide-mouthed bottles and fit them 
wdth sound corks, each bored with two holes to 
carry fairly large glass tubing, in each case one 
piece being carried to the lioltom of the ve,s,sel and 
the other just through the cork. The longer tube 
of the first bottle is connected to a water tap or 
reservoir, the smaller j)iece to the succeeding bottle, 
and so on, so that a .stream of water may be run 
through the wiiolc a]>])aratus. the overfloM^ from 
the last bottle being caught in a large jar or pail. 

A weighed amount, say 100 grams, of the clay is 
placed in the bottle attached to the taj) and a 
gentle stream eau.scfl to circulate through the 
ap 2 )aratus until the overflow water comes over 
quite clean. The water is then turned off, and the 
material in the bottles allowed to subside. The 
bulk of the water is poured away, and the solid 
matter washed out into a weighed dish, dried, and 
weighed. The j'csiducs being reported as coarse 
(sand), medium, fine, and very fine by difference. 
All results being calculated on the dried clay. If 
nece.ssary, the fineness of each irortion upon - 
standard sieves may be taken. As stated pre¬ 
viously, how'ever, upon a ceinent works using 
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modern machinery the physical condition of the 
raw material is of little importance compared 
with the chemical composition. 

The moisture should he “ approximately esti¬ 
mated ” ( 2 ), and the whole sample, \\ hen dry, 
powdered. A smaller sample obtained by (juarter- 
ing should then be dried in the air oven and 
kept for analysis in a weighing tube or sto])perod 
bottle. 

(18&) Soluble Sallu .—Hoii 5 grams of the dried 
clay with 250 e.c. of di.stillcd water for lial!'-un- 
hour in a hard glass flask, make uj) loss due to 
evaporation. Allow to settle, and tiller, best by 
means of an earthenware cone and tiltei' pump. 
Wash residue aith but distilled water. e\ ajKM'ate 
filtrate to dryness at i 10 and aeigli. 

Residue , 20 per cent. solid)le salts. 

(JSc) In order to remove carbonates, treat 
5 grains of the clay with E liti. wliieh also may 
remove colloidal hydroxides of iron anti tilii- 
minium. Filter, wash, dry, and aeigh residue. 
Estimate calcium, alumina and iron in the tiltrate. 
Unless there is a considerable j>ro]iortion of 
carbonate present this operation may well be 
omitted. 

(19) Farliul Haliemal Analysu .—'IVeat 1 gram 
of the dry powdered clay or residue from 186 
and/pr ] 8 r in a large porcelain or platinum dish 
with 20 c.c. 36E H 28 O 4 ; rotate cautiously to break 
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ip anj" lumps, cover with a clock glass, and heat 
rery gently, best over an argand burner, for 
lO hours (over night). In the morning remove 
he clock glass and increase the heat sufficiently 
;o steadily drive off the sulphuric acid. 

When no more fumes are evolved, place on the 
lol plate for about twenty minutes. Remove from 
be liot plale, allow to cool .somewhat, and then add 
li) e.e. of IbE H('l and a little distilled water. 

Filter througi) a l2-5-cm. rapid pa])er, retaining 
he insolul)le mailer in the dish. Add another 
if) e.e. of liydroehloric acid, dige.st on the hot 
date for a feu minutes, add water, and filter as 
refore. 

Re])eat this operation, using altogether 75 c.c. 
)f acid, then wash by decantation until free from 
•bloriiles, and when cold make filtrate up to 
■>(M) e.e. (24). 

Wash any material ui)on the liltei’ paper back 
nto the dish and boil with 25 e.e. of 5E NajCOa 
(ointion or with 1 gi'am of sodium carbonate 
rystals and suftieieidi water, for about fifteen 
ninutes. Filter, whilst still hot, through a 
12 r)-cm. rapid ])apcr, and wash with boiling water 
iutil (juite free from any trace of alkali. Reserve, 
Titrate for 810, estitnation (25). 

Dry residue, ignite in platinum crucible, and 
kveigh. 

Weight X 100 = per cent, insoluble, sand, etc. 


(20) After weighing, treat the insoluble matter 
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in the, platinum crucible with about 5 c.c. of hydro¬ 
fluoric acid and a few drops of 36E w arm 

over a small argand flame in a good draught cup¬ 
board until no further fumes are evolved. Repeat 
three times, when there should be oi\ly a .small 
residue remaining. 

Treat this residue with lOE HCl, warm in a 
small dish or beaker, and filter through a 7-cm. 
rapid paper. 

(21) In the filtrate from above, estimat<' (7) 
AhO.,. 

Weight X 100 ^ per cent. .4120^ in insoluble. 

It i.s usual then to calculate the Al..(),i to fels])ar 
6 Si 02 .Al 2 ()s.K 20 thus: 

Per cent. Ahtt, • 3-5 = ))cr cent. SiO,. 

Per cent. .MiCh x •!) per cent. KaO. 

Per cent, insoluble - fehspar per cent, quartz. 
(See Apppvdix for example.) 

Tlie insoluble matter can then be reported as 
shown in Appendix (I.a). The result thus obtained 
is not absolutely accurate, but suffices for most 
purposes. 

(22) Instead of treating the residue (19) with 
hydrofluoric acid, the SiO, and AI 2 O 3 can be esti- 
'mated by fusion as in (17), and for cement-making 

purposes this procedure is recommended. 

^(23) Acidify the alkaline filtrate from the in¬ 
soluble estimation (19) with lOE HCl, and evapo¬ 
rate carefully to dryness in a platinum or porcelain 
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dish ; bake for one hour, allow to cool, and then 
take up with water and a little lOE HC!l. filter 
through a 12-5-crn. paper and wash till free from 
chloride. Dry, ignite in muffle for one hour, and 
weigh. 

Woiglit >' 100 per cent. SitL. 

(24) File filtrate, which has been made up 
to .')0(» C.C., IS divided. In one pari (250 c.c.) 
the .AL(), • Fe„()„ CaO, and AlgO arc estimated 
as in (7), (S), and (JJ;, (17fd or (17c). 

(25) St'pamh' Extininlkm of Fo^O,,.—In the 
other ])art the AlaO;, i FcjO., is jijRd. as in (7), 
filtered and u ashed slightly; it is then rcdissolved 
in dilute acid and the iron estimated volunietri- 
cally after reduction, using .standard potassium 
permanganate or bichromate solution. 

(20) Estimation of Iron by means of 
Standard Permanganate. -Dissolve the ppt. 
of AL()|, r Fe.jO,i in 5E HsSD, and wash into an 
Erlcnmeyer flask, add fair excess of the acid and a 
few small pieces of pure zinc. Fit t he flask w ith a 
cork bearing a bunsen valve—v'.c., a ])iece of glass 
tube t o which is attached a piece of rubber tubing 
having a longitudinal slit and closed with a glass 
rod or clip, and place in a slightly warm place utvtil 
reduction is complete. This is approximately 
indicated by the solution becoming colourless, 
when a drop should be withdrawn on the end of 
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a glass rod and tested by means of ammonium 
or potassium sulphocyanide solution, the reduc¬ 
tion being complete when there is no pink colour¬ 
ation with that reagent. 

Filter the reduced iron solution rapidly and wash 
into a clean flask ; if necessary, add more sul¬ 
phuric acid ; and titrate with standard |)erman- 
ganate [17 a | solution until a permanent pink 
colour is obtained. 

No. of c.c. FejO:.. factor per cent. 

Fe,(h. 

Subtract from AljO;,, Fcdk found (24) 

(27) Estimation of Iron by means of 
Standard Bichromate.- Ihssolve the ppt. of 
ALO;, + Fe.A)..i in as small a ({uantity ('f oF HCI as 
possible, wash into an Frlenmever tiask lilted with 
buiisen valve, dilute to about 2(M) c.c.. and add 
20 c.c. of 2F Na.SO,,. Boil for twenty minutes or 
until free from SO,. Cool as quickly as possible 
and test as above ; if reduction is complete, titrate 
with the standard bichromate ( 18a |. On a clean 
.spotting tile have ready a number of drops of 
freshly prepared, very dilute ]X)tassium ferri- 
evauide solution, run the bichromate .solution, at 
first a few c.cs. at a time, later drop by drop, into, 
the iron solution : after every addition abstract a 
drop by means of a glass rod and place in contact 
with the “ spots ” of ferrievanide. The reaction 
is cojnpletc when no blue or green tint is produced 
wilb the ferricyanide. 
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No. of c.c. / FeoOa factor x 200 = per cent. 

FcjOj. 

Epitome. 

I’l'cat 1 gi'am for ten hours with 36E H 2 SO 4 , 
dry and hake. 

'Fake up will' three ])orti()iis lOE Hd, filter, 
u ash. 

Jtesidue SiCL and insoluble. 

Boil residue with 2.0 c.c. .‘JE NaaCtI,. 

Filter, wash, residue insoluble. 

Filtrate, acidify, evaporate ^ iSiOj. 

Filtrate from insoluble Al..().„ Fc-^O;., (.'aO, 
MgO (7, S, II, llh. lie, 25). 

(28) Loss on Ignition. -Ignite 0-5 gj-am of 
the ])()wtlered and dry sample for twenty minutes 
in a mutlle. Fool in desiccator and weigh rapidly. 

Loss in weight ;■ 200 - i)er cent, loss on igni¬ 
tion. 

If an ultimat<^ analysis only is required this 
residue (28) may be treated as (17) and the 
“ rational ” method (19) omitted. 


(29) Total Sulphur.- One gram of the dry 
sample is mixed with 10 grams of a finely powdered 
mixture of Na.,tl 03 (10 parts) and KN()., (1 part) 
and heated to quiet fusion in a covered platinum 
crucible. 

The fused mass is dissolved in water, acidified 
with 10 E HCl, and filtered, if necessary. The 

filtrate is boiled, and to it, whilst still gently 

3 
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boiling, is added 10 c.c. of E BaClj; after a few 
minutes the ppt. is allowed to settle in a warm 
place for. some hours, filtered through a “ sul¬ 
phate ” ])aper, washed, dried, and .’gnitod and 
weighed as BaSOj. 

Weight of BaSOj c -i:!? x 100 1 )cr cent, 
sulphur. 


I’Jjnlome. 

Fuse with sodium (‘arbonatc and potassium 
nitrate. 


Take up with hydrochloric acid, filter, wash. 
Ppt. with bai’iuni clilorido solution, weigh as 
IhiSC),,. 


(•’lO) Sulphur present as Sulphate. - We>igh 
out 1 gram of the saiu])le into an evaporating disli, 
add a little water iind 2.^) c.c. of ](»F HCl. warm 
twc'iity to thirty minutes, then add 10 c.c. of lOE 
HCl and water. Kilter and wash. t*pt. with 
E BaCL, and treat as (20). 

Weight of BaSO, \ 100 — per cent. SO,. 

If this is calculated to CaSO, its ecpiivaient of 
CaO must bc' deducted from the amount of lime 
found. 

Thus per cent. S(), x 1-7 — per cent. CaSO,. 

For each 1-0 per cent. deduct 41 per 

cent, from CaO. 

The sulphur present as sulphate must be 
deducted fi-om total sulphur found, in order to 
obtai3J sulphur present as sulphide. 
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(31) Alkalies. —Soda and potash may conveni¬ 
ently be estimated as follows : — 

Mix in an agate mortar 1 gram of the: dry clay 
with its own weight of pure ammonium chloride 
and (i grams of pure precipitated chalk. Place the 
mixture in a platinum crucible and heat gently 
at first over a bunseii burnei' and then for one 
hour at a red heat, keeping the crucible covered ; 
cool, tran.sfer the inass, which should not be 
fused, to an eva|)ora1ing dish, and xvash out the 
crucible with di.stilled water into the di.sh. Dilute 
.somewhat, heat to boiling, filter, and wash into 
a beaker. Add 1-.') grams of solid aiumonium 
carbonate, evaimrate to about ,50 (!.c., add a little 
more carbonate ■ ammonia; then filter and wash. 
Acidify the liltrate with lOE H(l|, then evaporate 
to dryness in a weighed ))latinum di.sh, heat gently 
at first to drive off NHjCl and then to a dull red- 
ne.ss ; cool in desi(a;ator and weigh. 

The weight -■ KCI ! NaCI. 

In order to obtain an accurate result, it is 
necc.ssary to perform a blank ” experiment, and 
to deduct result so obtained from above. 

(32) Separation of Soda and Potash.-— 
Dissolve the mixed chlorides in about 5 c.c. of 
Avater and add sufficient 1^ PtCl, to convert into 
the double chlorides, assuming the whole to be 
NaOl, ] 17 grams of which require 336-38 grams 
of PtCli. One c.c. of E PtGh solution contains 
-0841 gram. The mixture is then taken nearly to 
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dryness on the water bath and 15 c.c. of alcohol 
added; the dish is thcji allowed to stand for 
three hours with an occasional rotation. 

When the ppt. has well settled, the clear liquid 
is poured off through a filter paper which has been 
dried and weighed, the ])pt. is washed by decanta¬ 
tion with alcohol and iluis f.ransfeiTcd to the filter 
paper and again washed, using a small wash bottle 
containing alcohol until filtrate is colourless. The 
paper and K 2 PtCl|, is then diied in an air or steam 
oven at 100'’ ('., cooled in a desiccatoj'. and 
weighed. 

Weight - weight of filter papej' - -3067 - 
KCl. 

Subtract this from weighl of mi.xed chlorides 
Nad 

KCl X 03204 100 per cent. Kd.). 

NaCl X -5:1077 ^ 100 })er cent. NaoO. 


Epitome. 

(31) Fuse with aminoninm chloride and calcium 

carbonate. * 

Digest w ith water, filter, and wash. 

Add ammoiiium carbonate, filter, and wash. 
Evaporate to dryness. 

Ignite, weigh. 

(32) Dissolve in water, ppt. with PtClj and 

alcohol, filter. 

Wash with alcohol, u eigh on tared paper. 
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(32&) The proportion of potash and soda may be 
more simply obtained by the following method:— 
Dissolve the mixed and weighed chlorides in a 
little distilled \Aater. Plstiniatc the total chlorine 

N 

as described under (80), but use AgNOj j 19 aJ. 


Then 


W eight of K = 


I (A -11) >■ ITrtj-B 
(H)3 


and 


Xa 


B - I (A B) X 0-91] 

()-o;r 


whcie A weight of mixed chlorides, and B total 
weight of (’1 found. 

K . I'^ ' 100 = ])er cent. K^O. 

Na ,s - 100 = ., Nad). 

For cement-making purposes an acamrate deter¬ 
mination of Kd) and Na^) is not often Jiecessary. 


Shales. Sandstones, and Slates. —The 

methods adoptcal for the analysis of these materials 
must depend upon circumstances. As a rule, the 
following processes, already fully described, will 
be found suitable : — 

Moisture (.‘1), loss on ignition (4), followed by 
fusion (17) and estimation of the Si02 (17), 
ALO, Fe^O.. (7), CaO (8) and MgO (11). 

Natural Cement Rock.— This may generally 
be treated as a limestone, carrying out the following 
estimations:— 
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Loss on ignition (4), silica and insoluble (5 and 
6 ) or a fusion of the insoluble may be made 
(17), ALO, Fe,<,h (7), CaO (8 and 9), 
magnesia (11), CO, (14 or 15) it necessary 
or CaCO.| and -MgCO;, may be obtained by 
calculation ; sulphates (13) and sulphides 
(29). 

(33) Slags. —Weigh out one gram of the finely 
powdered sample info a platinum eriieible and fuse 
with 3 grams of fusion mixture; separate the 
iSiO., as in (17). 

(34) The liltrate from the siliea is warmed in a 
capacious beaker; a little solid and then 5E 
AiUjCO;; .solution added xmtil a ppt. just foi’ins. 
Then add a drop or two of 5E Acetic aciti and 
excess of 4E Sodium acetate .solution. Boil gently 
for ten minutes and filter, whilst still hot. through 
a 15-cm. rapid paper ; wash. 

The filtrate must be clear and colourless, and is 
used for manganese estimation (39). 

(35) Dissolve the pptd. basic acetates of iron 
and alumina in lOE H('l, and make up to a 
known volume with cold distilled water. 

Divide this solution into two equal parts, in one 
estimate total fWOs i AhOs + P 2 O 5 . 

Use the other portion for the estimation of 
I'i'e.Oa by means of standard permanganate (26) 
or standard bichromate (27). 
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The FejOj found must be deducted from the 
total Fe.iO;, -| AljOi, | P..O 5 in order to obtain per 
cent, of AljO:, + PaOr,. 

The FeA);, should liien be calculated to FeO 
and reported as siieh. 

Fe.Os X 0-9 FeO. 

(;{()) Coneenlratc the filtj'ate from (34) if neces¬ 
sary, alloAv to (ux)l, add .3 e.c. of bromine, stir, aiid 
add carefully 29 c.c. of 20E NHiOH. boil for 
twenty minutes, filter, wash, ignite, and weigh 
as Alndli. 

Weight 0-93 100 per cent. MnO. 

(.37) Boil the filtrate from (30), add sufficient 
ammonium oxalate solution to ppt. lime and fdter 
and estimate as in ( 8 ) and ( 8 a). 

(38) Evaporate filtrate from (37) to dryness and 
estimate magnesia ( 11 ). 

Kjdtome (33-38). 

Fuse with fusion mixture. 

Estimate SiO-i (17). 

Separate iron and alumina, etc., as basic 
acetate (34). 

Estimate iron volumetrically. 

Manganese with bromijie water and ammonia. 

Lime and magnesia in filtrate. 

(39) Phosphorus and Sulphur.— Fuse ? 
grams at least of the sample with sodium carbonate 
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and potassium nitrate, treat the melt with hot water 
until it disintegrates, boil, filter off the bases, and 
wash well. Allow the filtrate to cool and make up 
to 500 c.c. Divide into two portions (A) and (B). 
Acidify A with HN()., and add a large e.\ccss of 
ammonium molybdate solution, allow to stand for 
twelve hours, at about 50° (1. ; if the te 7 n])crature 
is allowed to rise, any arsenic present will also be 
]iptd. Pour off the clear liquid througli^a “ sul¬ 
phate ” pa])er, and test udth a littte more molyb¬ 
date solution toas(!crtain whether all phos})hate has 
been p])td.; if so. filkw and wash any j)pt. adlu'ring 
to beaker with E HNO 3 . Then, using a. fresh 
beaker to collect the iiltralc, dissolves the j)])!. in 
5E NHjOH, rinse out the beaker, and wash thc! 
fflter paper well. 

.-\dd e.vee.ss of magnesia mi.xture. ti'cat as in ( 11 ). 

Weiuht of Mg.,l’;0; (iffS KM) percent. 


Epitome. 

Fuse with sodium carbonate and potassium 
nitrate. 

Dissolve in water, acidify with )utric acid, p])t. 
with ammonium molybdate, filter, dissolve 
in ammonia, ppt. with magnesia mixture. 
Subtract from AljO., 4 P 2 O 5 and Fe^Oa (35). 

(40) Sulphur.— Acidify (B) with lOE HCl, add 
10 c.c. E BaClj solution, treat as in (29). 

BaSOi X 137 x 100 per cent, sulphur. 
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CHAPTER IJT. 

CALCULATION OF PROPORTION OF 
RAW MATERIALS. 

From tlio analysis of any given material it is 
possible to estiinale its nsefiiliK'ss for (cement 
making within ('erlain limits. With entirely 
untried materials aetiial tests on as large a scale 
as possible should he eariic'd out. 

Any of the larger English and Amerie.in text¬ 
books on cement manid'aeture eontuin fidl infor¬ 
mation as to t he ideal eomj)osition. 

LIMESTONES. — Unless a calcareous clay 
or shale is to he used, the CaCt), content must reach 
IT) per cent. A poor limestone may sometimes be 
enriched by using a purer stone to raise the 
percentage of (ViCO.,. ,\bout 2 per cent. MgO 
renders the stone useless for eement making to 
standard specification ; it is desirable that only 
I per cent, or less be present. 

For use M’ith rotary kilns, a little sulphur as 
sulphide or sulphate is immaterial either in the 
stone or clay. 

CLAY, SHALES, ETC,—The proportion of 
SiOj to AljOa I FejO;, should be 21 or 3 to 1. 
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That is, per cent. Si0.j should equal per cent. 
K.O;) < 3, unless working with a siliceous lime¬ 
stone or a stone of nearly correct ju’oportions 
which is only4^1eficient in one coustiluent. 

A clay containing nodules of iron ])yrites shovdd 
be avoided, as a source of po.ssible. if not probable, 
trouble. 

Calculation from Formulae. —Sevcial for¬ 
mula' e.vist whereby the proportions may be 
calculalral in which raw materials should be 
Jiiixed, but even the best of these only serve 
as a rough guide in actual practice. Prom e.xperi- 
ence the most favourable data to work upon is 
the j)ercentage of CaCO.;, as this can be readily 
checked and altered. 'Fhe percentage of CaCO., 
in a raw mi.xture never varic's greatly from 75 per 
cent. 

Jn order to obtain approximately the correct 
pi'oportions. ju'oceed as follows. For example, 
see Appimlix (3a). 

(1) From per cent. CaCO., in limestone deduct 
75 or per ceid.. required in mixture : the result 
should be the weight of cla}' or shale required. 

(2) From 75 or per cent. ('aCtF required in 
mixture deduct per cent. (.'aCOs in clay or 
shale ; the result should be weight of limestone 
required. 

Of course, the w eights so obtained can be read 
as gi’ams, lbs., cwts., tons, or any unit required. In 
each case, when using raw' damp material, the 
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moisture must be estimated and allowed for, as 
obviously more will be required than when using 
perfectly dry stone or clay. 

As a result of researches into the composition of 
an ideal Portland cement, various experimenters 
have put forward formula* for ])reparing the raw 
mixtiiie when the composition of the materials is 
known. The following will be found a good working 
formula : 


(1) Multiply per cent. Si(h in limestone by 2-8; 
multiply ])er cent. .Al.>(); in limestojw by 11, and 
add the products. 

(2) Deduct result from per cent. CaO in stone -- 
]K'r cent. CaO available for combination with 
clay (//). 

(8) Per cent. SiO., in clay x 2-8 -|- AkOa in 
clay TJ. gives ('aO required by 100 parts of 
clay. 

lAeduct per cent. CaO in clay and remainder =- 
amount required to be added (a*). 

.A.s the available CaO (2) in 100 parts of lime¬ 
stone is known, by simple proportion, parts of 
lime.stone to be added can easily be calculated. 
Thus let .r =.= amount of CVxO required for 100 
parts of clay, and y per cent, available in 
limestone; 


then ■ PiiiTs of stone to each 100 parts 

of clay. 

For examples worked out, see Apyerulix (2a). 
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ANALYSIS OF SLURRY AND OTHER 
RAW MIXTURES. 

SLURRY. —In order to obtain an average 
sample of the slurry being washed, the constant 
supervision of the ehemist or of a trustMorthy 
assistant is absolutely essential. Owing to different 
prevailing conditions, it is impossible to lay down 
any fixed plan of sam))ling. As a rule, samples 
should be taken at I'egular short intervals as tlie 
slurry leaves the grinding plant; these slmnld. at 
longer intervals, be thoroughly mixed and a 
smaller average sample taken for examination. 

For sampling slurry-mixing tanks or silos various 
devices exist, one of tlu' simplest. i)erha|>s. being 
a till can willi a ])erforat(Hl lid ; llie can is weightial 
at the bottom and attached at the lid to a long 
pole or piece of cord. 'I'lie body of the can is 
fitted to the lid and held lirmly by a simple 
bayonet clip or in the same way that incandescent 
electric lamps are fitted to their holders. 

The vessel is lowered into the tank at different 
depths and then slowly raised ; as it is w ithdrawn 
the semi-liquid rushes in through the jieiforations 
and a sample is thus obtained. The instrument 
sometimes used for tar sampling will also be 
found efficient. Moi’e elaborate apparatus will 
be found figured in many English and American 
works on cement manufacture. A single sample 
taken at one dejith .should never be used for 
analysis. A " grain sampler ” will be found 
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very useful for siunpling dr\' raw meal or 
cement. 

Sam])Ie.s of slurry that have been allowed to 
stand, even a short lime, must be well shaken 
before examination. 

(41) Moisture. -Into a dry and tared flat- 
botlomed fxm elain dish weigli out 5 granrs of the 
well-mixed slurry, place in a hot air oven or on a 
hot ])late at about 110^ to 120’ I’, until (juitc dry, 
cool in a desiccator and weigh rapidly. 

Loss in weight 20 per cent, moisture. 

(42) lleiuove the dried material from the dish 
witli a spatula, powder finely in an agate mortar, 
and place in a stoppered \\eighing tube. Dried 
shuTS' \cry quickly absorbs moisture, so it is 
bettei' to place tiie powdered material iu the oven 
for a short time^ before bottling. 


(43) Analysis. -Ignite O n gram in a )»Iatinum 
crucible in the mufile for fifteen to twenty minutes 
at a good red heat, (.’ool in desicaador and weigh. 

Loss in w'eight x 200 . loss on ignition. 

(44) Upon the ignited sample carry out the 
analysis as described under Limestone, SiOj and 
Insoi. (5 and C); Insol. (6) ; ALO- i Fe^Os (7) ; 
CaO (8); and MgO (11); CO, (14) or (15); sul¬ 
phur and sulphates (13); and (29) if necessary. 
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(45) The excess of the loss on ignitfon o^■er the 
CO» estimated or fomid by calculation from t‘aO 
and MgO may be stated as “ organic matter ” 
without any grave inaccuracy. 

For works routim; the following determinations 
are of great importance. Moisture (as in 41). 

(4t‘)) “ Fineness." —Weigli out 100 grams of the 
wet slurry with fair accurac^y, wash it with a gentle 
.stream of water from the tap into a, 180- or 200- 
mesh sieve es])ecially kept, for the purpose. Con¬ 
tinue the washing until the water that runs through 
is (juitc clear. Then wash the residue up together, 
and with a wash botti(‘ transfer it to a small 
evaporating dish ; place upon the hot plate or in 
an oven, and dry. 

Weigh the residue; calculate the ])er(enlage 
upon the dried material thus : 

Weight of residue 100 ^ 

v,,„.-^-—. percent, fineness. 

(100 — per cent, moisture) 

W'ith dry meal .sift 100 grams in the usual nay, 
and weigh the residue : 

Weight = per cent, residue. 

It is sometimes useful to estimate the chalk in 
this residue by a rapid method. 

(47) Estimation of CaCOs.— In most works 
in England this constitutes the greater part of 
the daily routine, and as the production of a 
unifoim article largely depends upon the use of a 
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regular raw mixture, too much time and attention 
cannot well be ])aid to thi.s important item. 

Owing to the use of calcimeters, the actual 
routine determinations cun generally be safely 
carried out by untraiTied a.ssistants who ))y con¬ 
tinual ])ractice have become ])roticient in this 
part oi the laboratory work. Const ant supervision 
and ociaisiona! " check ” estimatio)is by the chemist 
are neces.sarv with ev’cn the most conscientious 
workers, in order to keep tlvem u]) to the required 
standard of s))eedy accniracy. 

'riiere are many good calcimeters on the market, 
all more or less inaccurate ; but when once the 
error is known, if it be constant, the actual 
accuracy of the result is practically unimportant, 
as the chemist in charge .should know at what 
figure to work with any given apparatus. Where 
more than one jnachitie is in constant use, they 
should be so regulated as to give strictly com¬ 
parable results. For this ])ur])ose it- is better to 
prepare a standard raw mixture by careful and 
accurate weighing of t.he raw mat.erials after 
analysis than to use powdered and dry 
calcite. 

(48) Preparation of a Standard Dry Slurry 
or Raw Meal. - Carefully analyse a good sample 
of the ordinary mixture that is known to produce 
the be.st lesults in practice. Ifhen dry a small 
.sample of each of the raw matcrigjls, reduce t o the 
necessary fineness, and accurately weigh up and 
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carefully mix in the proportions found by analysis 
of raw inaterials and slurry. 

A stoppered bottle of this should always be kept 
ready tor use. When a check analysis is re(piired, 
it is only necessary' to dry a little of the standard 
slurry in the air oven at 105° C'., and allow it to 
cool in the desiccator. 

(49) Calcinietcrs may also be standardised, using 
dry ])urc calcitc which lias been powdered in an 
agate mortar. With calcimcters upon whieli it is 
usual to take -5 gram of slurry, it is convenient to 
take only -.‘575 gram of calcite, wliicli should give a 
result e(|iiivalent to 75 per cent. CaCO;, after the 
usual corrections. 

(50) Slater’s Calcimetcr. -This is an instru¬ 
ment which deserves to be more widely known and 
used than at ])resent. It is fairly simple in con¬ 
struction, and can leadily be adjusted. It requires 
perhaps rather more skilful manipulation than some 
others, owing to the necessary alterations of the 
amounts used at varying t emperatures. 

As show M in the illustration, it consists niainly'^ of 
two ]>arts, the outer containing vessel A, and the 
inner bulb and tube H. lipon the leg of this bulb 
are graduations usually running by 0-5 from 70 to 
80, w hich are read direct as yiercentages of ('aCO^, 
as described later. 

Above the bulb is a zero mark to indicate the 
correct amount paraffin with which the instru¬ 
ment has to be filled before use. In the bulb a 
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regular raw mixture, too much time and attention 
cannot well be ])aid to thi.s important item. 

Owing to the use of calcimeters, the actual 
routine determinations cun generally be safely 
carried out by untraiTied a.ssistants who ))y con¬ 
tinual ])ractice have become ])roticient in this 
part oi the laboratory work. Const ant supervision 
and ociaisiona! " check ” estimatio)is by the chemist 
are neces.sarv with ev’cn the most conscientious 
workers, in order to keep tlvem u]) to the required 
standard of s))eedy accniracy. 

'riiere are many good calcimeters on the market, 
all more or less inaccurate ; but when once the 
error is known, if it be constant, the actual 
accuracy of the result is practically unimportant, 
as the chemist in charge .should know at what 
figure to work with any given apparatus. Where 
more than one jnachitie is in constant use, they 
should be so regulated as to give strictly com¬ 
parable results. For this ])ur])ose it- is better to 
prepare a standard raw mixture by careful and 
accurate weighing of t.he raw mat.erials after 
analysis than to use powdered and dry 
calcite. 

(48) Preparation of a Standard Dry Slurry 
or Raw Meal. - Carefully analyse a good sample 
of the ordinary mixture that is known to produce 
the be.st lesults in practice. Ifhen dry a small 
.sample of each of the raw matcrigjls, reduce t o the 
necessary fineness, and accurately weigh up and 
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The instrument as sent out generally requires 
standardisation (see below). It is used as follows : 

(1) Take the reading of the barometer in milli¬ 
metres, and find the neai'est oorres])on<ling mark 
on the ffoat. 

(2) Take the temperature of the oil in degrees ('. 

(3) Erom a table ascertain the eoj'reet weigirt of 
material to use in milligiams. and weigh this out 
aecurately. 

(T) 'rransfer the weighed slurry to the generatoi« 
bottle (l>). which must be (piite dry. 

(.^)) llun from a burette o e.e. of dilute eoinmereial 
H(.'l (1:1) into the test tube, attached to the 
generator bottle sto]iper, by nuiajis of the hole in 
the side. 

(()) Fit the leading tube from ealeiuutei to the 
bottle, and slip the small ])ieee of rubber o^'el■ the 
outlet hole. 

(7) Tip the acid on to the slurry and shake well 
to disengage (H).. 'I’he float will then sink in the 
parathn, and the mark on the stem which is foujid 
to eorrespttnd with the correct, biirometer reading 
on the float should be the pereentiige of ('a(’(\ 
in the slurry or material taken. 

By making use of tables similar to those in the 
Appendix materials higher in ('aCOj than 80 per 
cent, may be estimated (28a). 

The follow'ing pieeautions should be observed 
in using this apparatus ; 

(1) Avoid holding the generator in the hand 
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longer than is absohitely necessary, and hold the 
neck and stopper of tlui bottle. 

(2) See that the rubber is over the outlet hole 
before spilling the acid, and that it is removed 
before di.sconnecfijig generator. 

(.*1) Spill the acid carefully so that none be 
forced up the hauling tube. 

I'se paraftin that has beam phuicd over fused 
calcium chloride, and has sucli a specific gravity 
that the hydronuder sinks to the red mark on its 
stem. Use acid of the corrtad, strength. 

Standardisation of Slater’s Calcimeter. 
—Follow the appended instructions for using the 
calcimeter, but take a known weight, say 1 gram, 
of a (uirefully pre])ared standard slurry (48), and 
note the reading which should show 75 per cent. 
Cat'Os, or as the caise may be. If the reading is 
too high, as it probably will be, calculate the 
reduction in the weight necessary to attain a 
correct j-eading, and repeat the operation until 
a correct n'sult is obtained. This should be done 
through a good range of temperature, so that a 
complete table may be drawn up by interpolation. 
Once having been correctly standardised, any 
slight adjustment found necessary may be made 
by adding or removing a little oil. 

This instrument, and a specially prepared set 
of weights for use therewith, may be obtained 
from Messrs. Baird & Tatlock (London), Ltd. 

The 8chleibler, Faija, and other cajeimeters arc 
so well knomi and have been so frequently 
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described and illustrated as not to warrant descrip¬ 
tion here. A modification of Schloib]cr’.s instru¬ 
ment introduced by Mr. H. K. (). Bamber, F.C.S., 
and much u.sed in the A.P.t'.M. Works, will bo 
briefly described and illustrated (Fig. 4). 

(51) Bamber's Calcimeter.— Weigh out ac¬ 
curately 0-5 gram of the dried and finely pulverised 
slurry and transfer to generator bottle (14). Run 
into the gutta-percha tube 8 c.c. of hydrochloric 
acid (sp. gr. 1-125) and place carefully in bottle. 
Fill measuring tubes with water from Woultf's 
bottle {h), or reservoir, until water stands at -/.ei-o 
mark on the graduated tube. 

Fix stoyiper to generator bottle and immersi^ 
to the neck in the running v\ater which fills 
the lead-lined wooden vat. until it is at the 
same tem])erafure as the water in the tubes 2 
and This is so when, upon ojicning cli|) (15), 
the water in the tubes remains at the same 
level. 

Take the generator bottle in the right hand and 
cautiously spill the acid in the tube upon the 
slurry. At the same time with the left hand 
release clip (7), shake the bottle vigorously for 
about half a minute, and replace under water in 
the nest. During the evolution of the gas care 
must be takeji to keep the level of the water in 
the ])lain tube (5) about an inch above that in 
the measuring tube (2). Allow to cook for about 
three minutes, adjust levels of water, and take 
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reading. Note temperature of water and also 
barometric pressure. 



To calculate Percentage of CaCOa.— 

To calcimeter reading in c.c. add correction for 
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absor])tioii of (JO 2 by acid. This may be obtained 
by performing a chock estimation, using Iceland 
spar or standard slurry. The figure usually taken 
for this instrumeiit lies between o-S and 4-2 e.e. 
By means of table (20a) —/Ve.s’swre of aqueous 
vapour in Appendix—v\oi,o deduction to be made 
from observed barometric ])ressure at existing 
temj)erature. Refer to table (.‘H a), and under the 
ascertained tem})eratuie (ind tlu^ corrc'ctcd calci- 
meter readijig (or nearest): in a line with this, 
denoted by heavy (ype, will be found the reading 
at (C ('. The figure so obtained is now traced on 
table (22a) under the correct barometric jwessure, 
and in a horizontal line will be lound in heavy 
t}'i)e the percentage of Ca(‘(), at. 0' and 700 mm, 
pressure. 

By means of table (2‘.(a) having pejfornu^d a 
■■ loss on ignition,” the calculated CaCO^ (54) may 
be obtained. 


(52) Estimation of CaCOs by means of 
Standard Acid and Alkali.- -The follow 'ing is 
an ej)itome of a method described by R. K. .Meade. 
[Portland Cement, p. 221); 

Prepare 'i N H('l and ? N NaOH, and stand¬ 
ardise against a standard sam]jle of slurry. The 
method of standardisation and working is as 
follows : 

Weigh 1 gram of sample into a. 600 c.c. Erlen- 
meyer flask and run in .50 c.c. of the .standard acid. 
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Close the flask with a cork bearing a piece of glass 
tube :](> in. long and I in. diameter, which acts as 
an air condenser. Heat the tiask until steam just 
begins to issue from the upper end of tube. This 
sliotild take about two minutes. Remove from 
heal and rinse tlie tube down carefully with water, 
remo\t‘ cork and wasli dow n sides of flask. Add 
a dt'o)» or two of 1 in 1,000 jdienolphthalein or 
methyl orange and titrate with standard alkali 
xintil just neutral. 

If the standard samj)le contains L per cent, of 
CaCO., and d e.ca of alkali are required, then to find 
percentage of CaCO., in other sanrples it is only 
necessary to subtract tlu' number of c.c. of alkali 
retjuired in their case from d, multiply by two, and 
add to J.; if number of c.c. is greater than d, 
subtract <1 from t hat number, multiplj' by two, and 
subtract from L. Kacli c.c. of e.vactly 'i N alkali 
is cciui\ alent to -02 gram oi' 2 ])er cent. (h( '0„; so 
that, after standardisation, a table may be pre- 
]iared showing ])ei‘centa.ges of CaCO,, corresponding 
to different (quantities of alkali. It is nece.ssary to 
prepare samples f o same state of fineness for each 
determination. 

(53) Loss on Ignition, Calculated CaCOs 
and CaO in Slurry. —When using materials 
containing organic matter, such as jjcat, etc., it will 
be found very useful to ascertain the tiat^O,, in the 
meal after idlowing for the organic matter present, 
and this may be done as follows:—Find the loss 
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upoi) ignition of 0-5 gram dry slurry or meal as 
in (4:5). 

Jjosk in weight , 200 per cent. COu ; H.O 
and organic matter (A). 


(;">4) Calculated CaCOs. - Calculate the 
(.laC(>„ found ujxm calcimcter. into COj 1^’ 
dividing thus, 

CaCO, 0-44 per cent. CO, (B). 


d’hen. 


Loss upon ignition (.\) CO, (B) oiganic 
matter (C). 

And JOO organic matter (C) ^ jiarts of 
ihatcrial in which the Ca(.'0,, c.^isls after rcnio\ ing 
the organic matter by ignition (1)). 

Thus, 


per cent. CaCO;, found ^ 100 
I) 


- calcidated (.’aCth. 


The actual calculations ojdy take a feu seconds 
if the tables in Appvndix be used. 


(5.5) The residue obtained aftei- ignition should 
be reserved and the CaO present determined by 
the rapid method as described in Chapter V. (132); 
after allowing for the loss upon ignition the CaO 
found should be approximately the same as the 
clinker made from this slurry will contain. Owing 
to various circumstances, this is not always quite 
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the case in practice, but this serves as an excellent 
check upon the calcitneter or other determinations. 
The calculation is as follows : 


Per cent, lime in residue 
(KM) loss) 


KM) 


^ calculated Cat). 


(bti) Control and Alteration of the Raw 
Mixture. -< )v\ ing to the various systems in vogue 
on diffei'ent works, it- is im|)os.siblc to lay down any 
hard and fast rules for the control and regulation 
of the slurry or raw meal. The growth of the 
ccinent. industry in this and other countries has 
brought about the successful use of I’aw materials 
differing so widely in composition as to require 
in some cases y)lant and methods of working of 
quite a di.stiiut. and special character. liefore 
finally deciding iqKm a method of working, the 
<-hcmist in charge .should assure himself that the 
routine ])roj)osed fulfils the following require¬ 
ments : 

(1) 'I'liat. t here is a regular su])])ly of raw material 
sufficient to kcej) the mills and kilns going con¬ 
tinuously. 

(2) That the unit loads of materials are of 
constant weight or bulk. 

(.‘{) That it is possible to readily obtain a sample 
of either raw material being used at any moment 
for check analysis. 

(4) That accurate returns of the quantity of 
material used be sent to the laboratory at .stated 
periods, in order that any deviation from the 
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working instructions may be at once noted. It 
is absolutely essential that a responsible person 
be in charge of eaeJi mill and be made answerable 
for any irregularity of working either in the 
feeding or output. 

The importance of being able to obtain an 
average sample of the slurry or raw meal for 
roidine amdysis has already been mentioned. In 
order that this work be not interfered nith, the 
sam))les should be fetched by a laboratory assisDuit, 
marked for reference, and immediately examined. 
All results should be carefully entered ii]) for future 
reference. 

Before making an alteration in the raw supply at 
any mill, the cause of the erratic behaviour should, 
as far as possible. l>e ascertained ami noted ; then 
the desirability of making a tem])orarv or per¬ 
manent alteration will at once be known and 
acted upon. Time should be gi\en for the alter¬ 
ation to have eh'ect before again cheeking the 
ou(|)uf. It is unu'isc to irritate the mill hands by 
useless and ve.xatious alterations and orders. 

In working upon the dry system it is best to 
keep a silo full of limestone or clay, and work so 
as always to require adjustment in one direction. 
For this purpose, either wet or dry ])rocess, it' is 
veil to have three tanks or silos for the raw meal: 
one to run the make into, one that may be tested 
and corrected, and one containing material of the 
correct composition. It should be impossible for 
the kiln attendants to use any material but that 
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passed for use by the chemist in charge ; even then 
the meal, as fed iiito the kilns, should l>e regularly 
sampled, checked, and the results entered in the 
laboratory records. In a uord, too much care 
cannot well be given to this branch of the lab- 
oratoi y work. 
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CHAPTEK IV. 

ANALYSIS OF FUEL, LUBRICANTS, 
WATER, AND KILN GASES. 

Thk fnd iiwcd oliiotiy on a feiiieiit works is coal or 
coke. Brief descriplions only are given of tlie 
ehief inet liotls of analysis ; for fuller deseription, 
■cs])ccial1y of the e.alorifie value determination, the 
inexperieneed reader is reeontineuded to eonsult 
larger works. 

(r)7) COAL.-ln order to obtain an average 
sample of t,he fuel, it is best to have a part of the 
freight set apart as it is being unloaded, say one 
barrow or grab full in ten, then have this well 
mixed and reduced to a convenient bulk by the 
method of quartering. When sampling a large 
cargo it will be found advisable to obtain several 
samples and carry out check assays. 

When not too large, the whole of the sample 
brought to the laboratory should be coarsely 
])owdered and quartered, and the portion selected 
for analysis all ground to pass at least the 90-in. 
mesh sieve juust be reserved in a rvell-stoppered 
bottle or jar. 
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(58) Moisture. —It is well to estimate the 
moisture as soon after receiving the sample as 
possible. 

Weigh into a weighed platinum capsule 0-5 or 
1 gram of the powdered coal and heat in an air 
oven at 105' for not more than one hour. Cool 
in a desiccator and weigh rapidly, as dry coal is 
very hygroscopic. 

Loss in weight 200 (or ](X>) per cent, 
moisture at lO.'r. 


I'Jjtiiotiic. 

0-5 gram in oven at 105" C. for one hour. 

« (5!>) Ash.--Gently ignite the dried coal over a 
bunsen burner or in the muffle, first at a low 
temperature, until all the carbonaceous matter 
has burnt off. The colour of the ash sometimes 
indicates its nature. 

Cool in a de.siccator and weigh. 

Total ueight weight of ca])sule k 200 ^ ])er 
cent. ash. 

E inlomc. 

0-5 gram ignited in muffle. 

(60) Volatile Matter.— One gram of the 
sample is placed in a large weighed platinum cru¬ 
cible having a well-btting cover. Heat the crucible 
with lid on for two minutes over a bunsen burner, 
or until no more inflammable vapours are emitted, 
and then for a further period of three minutes 
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over a blast burner. Allow to cool in a desiccator, 
and weigh. 

Loss in weight / 100 =- volatile matter + 
moisture per cent. 

KfiUmw. 

One gram heated in closed crucible for two 
minutes over bunsen, ! three minutes over 
blast burner. 

In order to obtain concordant and comparable 
results, it is necessary always to perform this 
operation in exactly the same manner. 

'riie per cent, moisture (.lO) subtracted from 
volatile matter i moisture will give the volatile 
matter. 

(01) “ Fixed carbon," or better, fixed carbon¬ 
aceous residue, 'this is obtained by difference. 

100 per cent, (moisture volatile matter 
ash) “ fixed carbon.” 

(02) Coke.—This is not, as a rule, of great 
importance. The residue left after the determina¬ 
tion of the volatile matter is, roughly speaking, 
coke. It should be tested to see whetlu'r it is 
friable or compact. 

(’oke juay be more accurately determined by 
placing 1 gram in a covered porcelain crucible 
placed in a large Battersea round crucible and 
surrounded and packed well in and covered with 
powdered charcoal. 

The lid of the large pot is luted on with clay, and 
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the whole dried and heated in a wind or gas furnace 
until it is thoroughly hot. 

After being allowed to eool, the porcelain crucible 
and lid arc carefully removed, and tlie coke brushed 
■out on to a walcii glass and weighed. 

Weight of coke 100 ])er cent. coke. 

Kpito'inc. 

One gram heated in (rovered crucible in 
furnace. 

(OH) Sulphur. Mix J or 2 grams of the finely- 
powdered coal with twic(“ its weight of a mi.xture 
coirsisting of 1 part dry K.X'C), and 2 parts MgO 
in a capacious platinum (u-ucible and (a)ver with 
a little more of the fusion mixture. Place the 
crucible in a hole in a sheet of asbestos board and 
heat over a. blast burner for half an hour, or use 
an oil or spii'it. blast lain)) in order to avoid con¬ 
tamination with suljrhur from the coal gas. Allow 
to cool, dissolve and acidulate with E Ht'l. evap- 
■orate to dryness, take up with It) c.c. of lOE Ht'l 
.and a little water, (liter off SiO^: dilute filtrate 
somewhat, and estimate S as BaSOi (El)- If a gas 
muffle is employed a blank analysis should be carried 
■out, and the result of analysis corrected accordingly. 

EpUonie. 

Fuse 1 or 2 grams with K 2 CO 3 and MgO 
mixture. 

Dissolve in hydrochloric acid, remove SiO^. 

Ppt. with barium chloride solution (13). 
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(W) Analysis of Ash—ignite 10 grams or 
more of the fuel in ii platinum capsule until free 
from earbonaceous material. Use of tliis 1 gram 
or more, and determine SiOj, .\l.i(),„ fe^O:,, Cat), 
and MgO after fusion, as in (17) : and, if necessary, 
u]>on other portions S(>, (BO) and P.A),-, (B9). 

if an ultimate analysis of the coal is recpiired, 
it will be necessary to lit up a combustion appar¬ 
atus. ill addition to the absorption apparatus, as 
described and illustrated in (14), a furnace, com¬ 
bustion tube and cylinder of o.wgeii will be 
re(piired. The combustion tube is prepared as 
for use in organic analysis with coi>per o.Kide, the 
coal being burnt in a porcelain boat. 

'i'he nitrogen may be estimated by a modified 
Kjeldalh method. As an ultimate analysis is 
rarely rerpiircd for commercial pur])oses, a fuller 
descrijhion is not necessary here. 

(Oo) ANALYSIS OF COKE.~ Th<' methods 
described under Coal may be used foi' the determi¬ 
nation of moisture ( 08 ). ash (59), volatile matter 
and ii.xed carbon (60) and (61), and sulphur (63). 

( 6 (>) CALORIFIC POWER OF FUEL.-For 

this determination a calorimeter is required. One 
of the simplest is Lewis Thompson’s ; but one 
of the improved forms of this instrument using 
oxygen gas and having electric ignition is more 
accurate and satisfactory. 

In the ordinary form a known weight (2 grams) 
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of the fuel is mixed with suflicieiit finely-powdered 
ignifioii mixture (KCIOj .‘5 parts, KN(), 1 ])art), 
placed in tlie (■op])er cylinder and ignited, when 
all is ready, hy means of a fuse. 

'riu' cylinder and attaehment are immediately 
plunged into 2.(KMt e.c. of water at a known 
temperature contained in the .special vesst'l. After 
eomhiistion the imu'ease of lemperatim' is noted. 
For details consulti Beringer, l’hilli])s, or the in¬ 
structions gi\'en with the instrument. 

In the im])roved forms tlu' coal is made into a 
])ellc1 and ignited whilst under the water by means 
of an electric current. 

The improced form of Roland Wild calorimeter 
A\ith (‘letdric ignition will be found a verj^ satis¬ 
factory instrument for use in a cement works 
laboratory. 

],(MMt grams of wat(U', less the vvattu' (Hjuivalent 
of the apparatus which is stated for each instru¬ 
ment, are placed in the water vessel and the tem¬ 
perature carefully noted. 0-72 gram of the 
])OAvdered and dried fuel is mixed with from 
12 to 14-5 grams of sodium peroxide, and placed 
in the special crucible ])rovided. The crucible is 
screwed to the cap, great care being taken that 
the rubber Avasher is in good condition, makijig a 
sound Avater-tight joint. This point is very 
important, as otherwise a disastrous explosion, 
due to the peroxide coming into contact with 
w ater, Avill result. 

The thermometer is then fixed on the cover, and 
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the directions given witli each a})j)aratus closely 
followed. 

'J’lio dilTerencse between the teinperatnro of 
water before test and the higliest degree noted due 
to eoinbnstion of the fuel multiplied by l,0()tt 
the (adorilic power in British thermal units [ler 
lb. of ftiel. 

■After the determination the apparatus must 
be carefully cleaned, waslu'd. and dihal. 

If the n'sult is ref|uired in ■‘gram-calories," 
a ('entigra<le thermometer is used or tlu' 
B.Th.U. 2.')2. 

Whatever instrument is used, the result may be 
(expressed iji calories or British thermal units. 

The "gram-calorie" is the amount of heat 
reeplired to raise 1 grain of water tlu’ough V" ('. 
The large or "kilogram-calorie" is the amount 
of heat reipiired to raise 1 kilogram of water 
through T’C. 

The British thermal unit is stated in lbs. of 
water raised through I” h\ by 1 lb. of fuel. 

The evaporative power is the amount of watej' 
which 1 lb. of fuel will evajiorate at boiling point 
under normal conditions. 

dram-calorics >, 0‘00397 ^ B.Th.U. 

Determination of Heating Power of Coal 
and Coke.— .A simple, but only approximate, 
method for determining the heatfing power of coal 
or coke may be carried out as follows :—^Mix 1 gram 
of the tiuely-pow'dered dry coal with 30 grams of 
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litharge in a No. 3 Hessian crucible, cover the 
mixture with a, further 20 grams of litliarge. and 
heat crucible and contents in a gas or wind furnace 
for fifteen ininub's. 

Iteniovc from furnace, and when cold remove 
button of lead, clean and weigh. 

OiK' ])art by v\eigid of carbon reduces M ])arts 
by wciglil of lead. One kilo of carbon wlien 
com 2 )letely bmnt is equivalent to 8.140 calories. 

1 ]>art of lead or 239, calories. 

.54 

8 140 

- “ weight of lead reduced ■ calories per kilo. 

Fot' us(' in rotary kilns the character of the coal 
when burning is of greater importance than the 
actual calorilic power. 

(07) Fineness. —This is determined in the same 
way as with cement, the 100-mesh sieve being 
used. To obtaii) good results in a rotary kiln the 
residue should not exceed 5 per cent., the coal 
should be quite dry aTid low in ash, and easily 
combustible. 

The methods given above can be used for any 
class of coal, but it is desirable to use a rather 
higher temperature, or heat for a longer period to 
estimiite the volatile matter in anthracite or 
steam coal. 

OILS AND LUBRICANTS. - The chief 
methods of examination only can be mentioned. 
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If much iin])ortant work has to be done the 
chemist is recommended to eojisult Archbutt and 
Deeley’s or other largo work. 

Jjubricaiits may be very roughly divided into 
three classes - .solid, semi-solid, and liquid. Only 
grease, fats, or oils will bo here d(‘alt with, but it 
may be mentioned that grapliile, mineral, and 
compound lubricaids .should be free from grit, 
acid, or alkaline bodies or substances likely to 
decompose and ])rodu(ai acids, etc. 

Before re|)orting on a lubricant it is necessary 
to know for what purpose it is intended to b(' 
u.sed. The lollowing tests may be considered 
essential: 

(b<H) Loss or Gain in Weight on Exposure. 

- -Into a weighed watch-glass place 1 gium of tin- 
oil, and exymse in aji air or water bath <it 10(»" ('. 
for twelve hours. Allow to cool in a desiccator 
and weigh. 

IjOSS (or gain) in weight >. I(t0 percentage 
loss (or gain). 

(lood mineral oils rarely lo.s(' more than 1 per 
cent. ; some vegetable oils increase in weight 
owing to o.xidation. The residue should not 
exhibit any sticky or gummy ])roperties. 

The i-esidue may be ignited for “ Ash,” which 
should not exceed traces only. 


Epilinne. 

1 gram at 100° for twelve hours. 
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litharge in a No. 3 Hessian crucible, cover the 
mixture with a, further 20 grams of litliarge. and 
heat crucible and contents in a gas or wind furnace 
for fifteen ininub's. 

Iteniovc from furnace, and when cold remove 
button of lead, clean and weigh. 

OiK' ])art by v\eigid of carbon reduces M ])arts 
by wciglil of lead. One kilo of carbon wlien 
com 2 )letely bmnt is equivalent to 8.140 calories. 

1 ]>art of lead or 239, calories. 

.54 

8 140 

- “ weight of lead reduced ■ calories per kilo. 

Fot' us(' in rotary kilns the character of the coal 
when burning is of greater importance than the 
actual calorilic power. 

(07) Fineness. —This is determined in the same 
way as with cement, the 100-mesh sieve being 
used. To obtaii) good results in a rotary kiln the 
residue should not exceed 5 per cent., the coal 
should be quite dry aTid low in ash, and easily 
combustible. 

The methods given above can be used for any 
class of coal, but it is desirable to use a rather 
higher temperature, or heat for a longer period to 
estimiite the volatile matter in anthracite or 
steam coal. 

OILS AND LUBRICANTS. - The chief 
methods of examination only can be mentioned. 
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Avork the apparent sp. gr. at T should be corrected, 
a.s follows :— 

T° ('. Density of water at T° (A 

' (’^ ^ Density of water at 15-5°(.'.‘ 

In order to avoid these calculations, the sji. gr. 
should be determined at 15 0 ' ('. whenever 
jmssiblc. 

I'\ir very viscous oils it will be found convenient 
to u.<e the form of bottle that is used for testing 
syru]is. etc. 

(TO) Viscosity. —This is best determined in a 
standardised Redwood viscosimeter. 'I’lie viscosity 
of an oil varies with the temperature at A\hicli it is 
determined. The viseo.sity should be determined 
at various Hunperatures aeeording to tlie purpose 
for which it is napiired. In order to obtain the 
viscosity of an oil, it is heated in an air bath to 
the repuirc'd temperature, and poured into the 
apparatus u]) to the point of the gauge. The outer 
vessel, whieh may be lilled with water, oil. or any 
other eonvenient licpiid, is then w armed until both 
it and the oil to be tested are at the reephred 
temjterature. A plug is then removed and exactly 
50 c.e. of oil allow(xl to run out, and the time taken 
in secoiuis noted by means of a stop watch. For 
com])arative results consult tables published by 
Redw ood and others. 

In order to obtain comparable and reliable 
results, several tests should be carried out under 
exactly similar conditions. 
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111 the absence of a standardised viscosimeter, 
Coin]jarative tests may b(“ (iarried out by using a 
pipette or burette and noting the number of 
seconds that a known volunu' of tlic oil takes to 
run out. 

\'iscosimelers are general]}' standardised with 
pui(‘ I ape oil or distilled water. 

In order to obtain eom])arah]e results, expc'ii- 
ments must b(‘ carried out under exactly similar 
conditions, great attention being paid to the 
temiK'rature both of the oil and the surrounding 
atmosphere. 

(71) Flash Point. This may he readily ascer¬ 
tained with Abel’s flash jioiut aiiparatus. With a 
little ])racticc the ])rinci})les of the determination 
can soon lie mastered. I''ull in-structions are 
geneially sold with the ajiparatus, or can be 
found in the Petroleum .Acts or any work on oil 
analysis. For oils flashing above ItX)’ (7 tile air 
bath is heated by means of a small bunsen burner 
or spirit lamp. The flash point of an oil should 
b(‘ higher than the temperature that will he 
obtained during work. 

(71«) The "open cup” flash jioint of an oil may 
be ascertained by the following method : - 

Place a suitable nickel or ])orcolain crucible in 
a hole in a sheet of asbestos board supported on 
a tripod stand. Suspend a thermometer over 
the crucible so that the mercury bidh is about 
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lialf an inch from the bottom, but is well im- 
mersefl in the oil, which should nearly till the 
(aaicible. 

HLcat the crucible by means of a small bunsen 
flame so that the temperature rises gradually and 
evenly. 

.\ small tlauK', obtained by attaching an ordinaiy 
mouth blow])ipc by means of rubber (ubiiig to 
another gas sup])ly, is then passed across the sur¬ 
face of the oil at regulai intcj vals until tbe vapours 
are seen to “ Basil.” The lowest temjx'rature at 
wliicli this occurs is the flash point.. The tem- 
jieratui'e at. which the l ajiour flashes and continues 
to burn is known as the' tire point. 

(72) Free Mineral Acids.- -Shake up 50 grams 
of the oil with suflicient di.stillcd water in a stop¬ 
pered flask or bottle, and allow to stand for sonu' 
time ; then separate the oil by means of a separ¬ 
ating funnel. I'o the acpieous extiwct add a drop 
of methyl orange solution ; a pink colouration 
will indicate the jiresenco of free mineral acid. 
If sufficient in amount, titrate back to the neutral 
N N 

tint with or NaOH. The nature of the acid 

must be determined by a qualitative analysis of the 
extract. H 2 SO 4 is the acid most frequently found. 

Should the methyl orange remain neutral or 
indicate the presence of free alkali, repeat the 
test, using phenolphthalehi, and titrate back with 
standard acid. 
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Mpitoiiic. 

Agitate 50 giaiiis ot oil with distilled water. 
Separate, add methyl oraiig<% and titrate with 


N 

10 


or 


N 

JOO 


XaOH. 


{7:0 Free Fatty Acid. —Weigh out 10 grams 
of the oil iuti) a flask, and add 50 c.e. industrial 
methylatetl s])irit. rendered just slightly pink l)y 
the addition of a dro]) or t\\() of ]»h(‘nolphthalein 
<ind one drop of H XaOH. Shake up together 
well. If free fatty acid be pri'sent the solution 
will become colourless. H(‘at on a steam bath 
under a r(‘tlu.\ or air condenser for half an hour, 

allow to cool, and titi-at<' with .standard XaOH 

initil a permanent pink colouration is obtained. 
Calculate the “acid nninber" as milligrams of 
pota.ssium hydroxide neutraliso'd by I gram of 
oil, thus : 

X 

O-ht),; Xo. of c.e. alkali u.sed acid number. 

A blank experiment, .should be carried out in 
order to check result. 


Ejnlonw. 

Warm 10 grams of oil with alcohol and 
phenolphthalein .solution. 

Titrate with standard alkali. 

(74) Saponification Number.— Weigh 2 
grams of the oil into a clean, dry conical flask. 
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add 25 c.c. or exco.s« of setiii-aorinal alcoholic 
iwtasli solution, conned, with a reflux air con¬ 
denser, which consists simply of a straiglit 
glass tube about .‘lO inches long, and lieat on 
the water bath for one hour, o(!casionally 
rotating the flask. Allow to cool and titrate 
with semi-normal acid, using phenolj)htlialein as 
indicator. 

Hun a blank experiment under exactly similar 
conditions to ascertain the numbei' of c.c. of 
alkali neutralised by the oil. Calculate the 
saponification number as milligrams of potassium 
hydroxide to I gram of oil. 

.\eid used by “ blank -aeiil used in exjieri- 
inent 14 sa])onili(uition number. 

(74/d Unsaponifiable Matter. —Separation 
of fatty and minei'al oils. Sa])onity 5 gr.tms of 
the oil as in (74). using an excess of alcoholic 
caustic ])otash (5(t c.c.). Hevei’sc or remove the 
condenser and distil oif the alcohol as com])letely 
as possible. Dissolve the soaji in about 5(i c.c. 
of hot distilled water, transfer to a separating 
funnel, cool, and shake u]) tvith two separate 
portions of benzene or pchrol. allow the tw o liquids 
to s('i)arale, and run olf the lower soaj) solution. 
Shake up the oily solution with distilled water 
once o)' twice and separate. Finally run off the 
solvent into a weighed tlask ot' dish, evaporate 
otf the solvent and weigh the residue, which will 
include unsaponifiable matter and the mineral 
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oils in case of a uii.xtnre. Calculate percentage 
found. 

Weight 20 unsaponifiable matter. 

Kjnlomc. 

Saponify o grams, evaporate olT alcohol. 

Dissolve SOU]) with water, residue with ben¬ 
zene. 

Separate and weigh residue. 

(74') Iodine Number. This is only carried 
out on vegetabk! and animal oils to ascertain 
])resenee of adulterants. Briefly, the ])rocess 
consists in treating a Unov\-n (piant.ity (about 
•25 gram) of the oil dissolved in 10 c.e. of ehloT'o- 
form, or eai'bon tctra(4iloride. with a nuaisurod 
quantity of standard iodine solution (Hubl, Hanus, 
01 ' Wijs). 'I'he ex(;c.ss of iodine is then titrated 
with standard thio.sulphate solution, using starch 
as indicator. blank e.xperimcnt must be carried 
out at. the same time. For works' juirposes this 
estimation is seldom required. 

(74'/) Lubricating oils may also be tested for 
rosin and i-osin oil, which uill be also included in 
the saponitiable matte}'. Heat about 20 grains 
of the oil with 50 c.e. of alcohol (free from rosin) 
on the steam bath for a quartci- of an hour. 
Decant the alcohol, eva|)orate to dryness, and 
add 5 c.e,. of acetic anhydride, warm, cool, and 
add one di'op of 18K DaHOi. Rosin or rosin oi’s 
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give a fugitive violet colour. Cheap petroleum 
jellies and somi-solid lubricants should especially 
be tested for rosin. 

(74(') Suljihur in light oils )nay be tested for, 
as folloAvsAdd a small piece of bright metalli(^ 
sodium to about 100 c.e. of the oil in a tlask. and 
boil cautiously under a reflux condenser for one 
hour. Cool, add water, dro|) by flrop. until the 
sodium is dissolved, separate the a()ueous li(|uid, 
and add a drop of freshly made sodium nilro- 
prusside solution. .A violet colouration indicates 
presence of sulphur. 

WATER ANALYSIS. The examination of 
a water on a works is usually undertaken to ascer¬ 
tain Hie suitability for use in bt)ilers, etc., rather 
than to judge of its fitness for drinking and 
domestic ])urposes. As a matter of fact, a norks 
laboratory is rarely suitably ef[ui])ped or cir¬ 
cumstanced to permit of such an analysis being 
cotiducted with any hope of obtaining reliable 
results. The processes necessary to judgt' of the 
suitability of water for drinking purjtoses are, 
therefore, only very briefly described. 

(75) Collection of Samples.— Clear glass Win¬ 
chester quart bottles are very suitable for collecting 
and storing water samples. Before being filled with 
the water to be tested, they should be thoroughly 
washed until free from all traces of acid, ammonia, 
etc., that they may ha^m contained. Bottles which 
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oils in case of a uii.xtnre. Calculate percentage 
found. 

Weight 20 unsaponifiable matter. 

Kjnlomc. 

Saponify o grams, evaporate olT alcohol. 

Dissolve SOU]) with water, residue with ben¬ 
zene. 

Separate and weigh residue. 

(74') Iodine Number. This is only carried 
out on vegetabk! and animal oils to ascertain 
])resenee of adulterants. Briefly, the ])rocess 
consists in treating a Unov\-n (piant.ity (about 
•25 gram) of the oil dissolved in 10 c.e. of ehloT'o- 
form, or eai'bon tctra(4iloride. with a nuaisurod 
quantity of standard iodine solution (Hubl, Hanus, 
01 ' Wijs). 'I'he ex(;c.ss of iodine is then titrated 
with standard thio.sulphate solution, using starch 
as indicator. blank e.xperimcnt must be carried 
out at. the same time. For works' juirposes this 
estimation is seldom required. 

(74'/) Lubricating oils may also be tested for 
rosin and i-osin oil, which uill be also included in 
the saponitiable matte}'. Heat about 20 grains 
of the oil with 50 c.e. of alcohol (free from rosin) 
on the steam bath for a quartci- of an hour. 
Decant the alcohol, eva|)orate to dryness, and 
add 5 c.e,. of acetic anhydride, warm, cool, and 
add one di'op of 18K DaHOi. Rosin or rosin oi’s 
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The sediment, should be well searched for the 
lower forms of diatomaceie and algas some of 
Avhich cause a water to smell as if contaminated 
with dead lish. 

Any great amount of suspended matter may be 
estimated by filtration of one or two litres of the 
water through a fared filter. 'I’he filtei' and con¬ 
tents are dried at tOtfi and weighed. 

Increase in weight s)is})ended jiiattc]' per litre. 

The inorganic matte]’ in suspension may be 
estimated by igniting t.he filter and contents in a 
crucible; recarbonate by adding a dro]) of am¬ 
monium carbonate, and ignite again at a Ion 
tcmj)craturc and weigh. 

Weight - ash of filter insoluble mineral 
matter per litre. 


Hpiknne. 

Filter 1,000 c.c. through fared paper and 
w’eigh. 


Before proceeding with the chemical analysis it 
is well to ascertain v\ hether to report as grains per 
gallon or parts per 100,000. Most engineers will 
probably prefer results in grains per gallon. It is 
really unimportant, if the report is to be used by 
intelligent men, as it is only necessary to multiply 
grains per gallon by ten and divide by seven or 
vice versil w'itli parts per 100,000 to convert one 
into the other. 
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(78) Total Solids. -Evaporate 250 c.c. of the 
water to dryjiess in a elean dry platiiimn or 
porcelain weiglied evaporating; basin, at lirst over 
an argand or hnnsen burner, and finally on the 
water bath. Allow to cool in a good desiccaitor 
and weigh rapidly, as the solids are often very 
hygro.scopie. 

Weight w eight of dish 400 parts per 100,000. 

H pi Ionic. 

Eva]K)rate 25(t c.c. to di'yness and veigh. 

(7!t) A (jualilative examination may be made of 
the solids ; if a (piantitalive analysis is recpiired it 
will b(' neces.sary to evaporate 1,000 o.c. or more 
of the water to dryness. R.stimate SiO._., ALO.n 
EeA),. P..O 5 , CaO, .VlgO, t'Oo. SOj, as in ordijiary 
analy.sis. Set! paragraphs TVos. 5, 7, 8 . 0. 11, 111, 
14, .‘Iff. Salt will be found sei)arately. Sodium 
and potassium may be estimated or rejmrted by 
difference. The chief (mnstituents are Cat!();,, 
CaS 04 , MgCO.(, MgSOj, and organic matter in 
solution in the case of peaty waters. 

(80) Chlorine as Chlorides. —A standard 
solution of silver Jiitrate containing 4-790 grams 
per litre will be required; also a dilute solution of 
potassium chromate free from chloride. Measure 
100 c.c. of the water to be tested into a clean flask 
and add a drop or two of the chromate solution. 
Bun in the standard silver nitrate solution until a 
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pei'diiiiu'iit orange tint is obtained. To ascertaiir 
the end point needs some little practice, and 
results should always be duplicated. 

Read oil’ from the burette the number of e.e. of 
sih'cr nil rate us(h1. 

Number of c.v. parts per 1(M),(KM) of Cl. 

Chloi'ine Tb.”) parts ])er KMf.dOO of N'aCI. 

K pilotin'. 

Titrate 100 e.e. with standard silvei nitiate, 
using potassium chromate as indicator. 

(81) Hardness. 'Hk^ hai'dness of a v\ ater is a 
factor of great importance on a works. Hardne.ss 
is divided into two classes : " permanent.” mainly 
du(‘ to sul])hates of calcium and magnesium (and 
the other alkaline earths); and " tem|)orai'y.'’ 
due to the carbonates of these metals, the latter 
being removable by boiling. 

(82) E'tlirnalion of liiinlin Itp .'tfandanl Mtap 
.toliillon .—The following standard solutions are re- 
(piired. Standard liard water made by dissolving 
without loss 0’2 gram of powdereil calcite (Cat'();,) 
in dilute hydrochloric acid and evaporating to 
dryness on the water bath several times until 
(juite free from acid, d’he CaCh is then dissolved 
and made up to 1,0(K» c.(^ with pure di-stilled 
water. 

One c.c. = -0^)2 gram of (■aCTh or 20 parts per 

100,000. 
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(83) Standard Souji SoJutim. — A standard 
potas.'^iuin olcate soap .solution may bo readily pre¬ 
pared by dis,solving 80 wfants of pure oleic acid in 
“ j)roof ” sf)iril and exactly neutralising witli 
alcoholic potassium hydrate solution, using a drop 
or two of phenolplithalein as indicator. 3'he 
solution is then titrated with the standard hard 
water (82). 

(84) Standard'n^atioH of the Srnif) Solution. — 
JMeasiire 100 c.c. of standard hard water into a 
clean glass-stoppered bottle, and run the soap 
solution into the bottle a few c.c. at a time until 
it lathei' begins to form ; then add the soa)> 
solution more cautiously, inserting the stopper 
and shaking betw'een each addition. When the 
reaction is nearing completion the contents of 
the bot tle will only give a faint dull sound. Soap 
solution must be added until a permanent lather, 
which ])ersists for at least two minutes, is obtained. 
'I’he soap solutioii must be then so diluted that the 
1(W) c.c. of water re()uire exactly 21 c.c. to produce 
a lather, the e.x:tra c.c. being retpiircd to produce 
a lather with 100 c.c. of distilled water. 

Suppose the water only recpiires 10 c.c. of soaj), 
then every 10 c.c. of the solution nmst be diluted 
with a mixture of about 2 to 1 alcohol and water 
to make 21 c.c. liectified alcohol or industrial 
methylated spirit must be used, as ordinar}" 
methylated spirit produces a ppt. with water. 

One c.c. of the standard soap solution wih 

() 
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H2 

thus 1 part of GatJOs per 100,0(X). Tf 70 c.c. 
of water is takeu, results as expressed in degrees 
on Clarke’s scale will be obtained— i.c., D =^"-] grain 
of (laCOa per gallon. 

(85) To ascertain lemjxrrary and permanent liard- 
■ness of a via,ter .—Measure 100 c.c. ol the water 
under examination into the titration bottle ; or, 
if the water is known io be very hard, take 50 c.c. 
and dilute with distilled water. Run in the soap 
solution cautiously as described until a permanent 
lather is obtained ; deduet 1 c.c. irom the amount 
used: then number of c.c. - degrees of td^ 
hardness. 

Epitome. 

Titrate 100 c.c. with standard soap. 

(80) Permanent hardness. —Roil, in a flask or 
beaker, 100 c.c. of the water down to a volume of 
about 50 c.c. or rather less. Allow to cool, filter or 
decant, and make up to 100 c.c. again with dis¬ 
tilled water. Titrate with soap solution as before. 

Number of c.c. - parts per 100,000 of permanent 
hardness. 

Total — permanent = temporary hardness. 

Epitome. 

Titrate 100 c.c., after boiling, with standard 
soap. 

(87) Estimation of hardness by (Standard Acid — 
temporary .—To 500 c.c. of the water, or less if 
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very hard, tinted with methyl orange, run in from a 

N 

burette HjSfh iiiitil a red colouration is just 
produced. 

Number of c.c. used = parts per 100,000 of 
UaCO:, as “ temporary hardness.” 

(8H) Pt'i-nninml kmlness.—To 2.% c.c. of the, 

N” 

water add .W c.c. of ^ Na/T^ solution and boil 

for about halt aji hour, or, if magnesium salts be 
present, evaporate to dryness. 

Filter off the jipt.. or extract the residue with 
boiled distilled water, filter and wash ; when cool, 
make the filtrate iij) to 250 c.c. with distilled 
water. 

'J’itrate 50 c.c. of the filtrate with H^SU,, 
using meth}d orange as indicator. 

N 

Since 10 c.c. of Nat'Oj was present in every 

50 c.c. of water, then 10 - number of c.c. of 
acid used = number of c.c. of soda removed. 
€all this ,r; then soda used by the 250 c.c. of 

water = (.r x 5); as 1 c.c. of Na,(,!0„ - 005 

gram of CaCOa, then (r x 5) x -005 x 400 = parts 
of CaOOo per 100,000 present as permanent 
hardness. 

(89) Estimation of hardness in a softened water 
or water cmkiining Soda.—1\\ a water that gives 
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an alkaline reaction to litmus or nicthj'^l orange 
there can be no prenianent hardness, as lair- 
bonates of calcium and magnesium will be pptd. 
on boiling. Boil 250 c.c. or 500 c.c. of the water, 
tilter olf ppt., if any, wash and make up filtrate 
to original bulk, titrate whole or aliquot part of 
N 

the solution with .H 2 SO 4 , and calculate to 
NujOO;, parts per 100 , 000 . 

Number of c.c. of acid used > 200 (or 400) 
•0053 - parts per 100.000 Na^t 

Contamination.- 'j'o ascertain whether u atei 
is contaminated with sev\age or with the ])roductt 
of animal or vegetable decomposition, it is neces¬ 
sary to estimate the frt^e or saline ammonia, anc 
the albuminoid ammonia which is derived fron 
nitrogenous matter, by boiling with alkaline per 
manganate of potassium. 

The following special reagents are required 
For full })articulars of the process involved ; 
work on water analysis should be consulted. 

'I'he estimation must be conducted under cam 
ditions that admit of no contamination fron 
fumes of ammonia, etc. The apparatus anc 
distilled water used must also be quite free fron 
any traces of ammonia or ammonium salts. 

(90) Standard Ammonivm. (Moride .—Dissolv 
3147 grams of pure ammonium chloride ii 
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ammonia-free distilled water, make up to ] litre 
and label as “ stock IS 1 H 4(’1 sfdution.” 

'I’ake 10 e.c. of (00) and dilute to 1,000 c.e. 

I c.e. - -00001 gram of NH,. 

(01) AV.s's/er’-s /I’raf/ewt.—Dissolve 35 grams of 
potassium iodide in about 250 e.c. of distilled 
water. Tlien add gradually a cold saturated 
solution of mercurie chloride, stirring eoiistautly 
until a faint ])ennaiicnt ])pt. is formed ; allow 
to stand and decants off. "riien add when cool a 
solution inad(i by dissolving 150 grams of eaustie 
]»otash in 150 c.e. of water. .Add a drop or two of 
7nerenri(! chloride solution until a slight ppt. is 
formed. Dilute to I litre and allow to stand. 
Decant off a portion into a smaller bottle for use, 
and always use a pipette or graduated tube to 
measure out the required (luantity of solution. 

(1)2) Alkaline Perimrujanale. - Dissolve 200 grams 
of caustic potash in about 800 c.e. of ammonia-free 
distilled water. Then add 8 grams of potassium 
permanganate, allow this to dissolve and boil for 
a short time ; rvlien cool, make up to 1 litre. 

(93) Ettfimalum of "Free Ammonia .''''—Distil 
250 e.c. of the water, or less if very contaminated, 
using a large flask fitted to a Liebig’s condenser in 
the usual way. The apparatus must first be well 
cleaned and boiled out with ammonia-free water 
urrtil the distillate gives no reaetioir with Nessler’s 
reagent. The distillate from the water under 
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exaiiiinatiou is collected in a series of Nessler 
tubes, and the operation continued as long as a 
colouration is produced with 2 c.c. of the reagent 
(91). 

Usually three cylinders are suflicient. To each 
add 2 c.(!. of the reagent and prepare a similar tube 
using distilled water; measure into it 1 c.c., or 
more, of the standard ammonium chloride and 
then add 2 c.c. of Nessler reagent. Tubes are 
thus ]jrcparcd to match the tint of each tube of 
distillate, and the total number of <-.c. of standard 
ammonium chloride required noted. 

Number of c.c. used - B-0(K)1 \ 400 - parts 
of free ammonia per 100,000. 

I’he Nessler must always be added to the am¬ 
monium chloride and not vict- ncrm. Instead of a 
Hask anil Liebig’s condenser a large retort lifted 
to a spherical condenser placed in a bath of 
water j)uiy be used. Quite 100 c.c. of distillate 
is collected and tested against standard ammonium 
chloride as desciibed. 


Epitome. 

Distil 250 c.c. of water. 

Test distillate with Nessler reagent (91). 

(i)4) Albuminoid Aitmonia .—To the viater re¬ 
maining in Hask or retort add 25 c.c. of the alkaline 
])ftrmanga]iate (92), and continue the distillation 
as long as possible. Then test the distillate as 
before, and ascertain number of c.c. of ammonium 
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chloride solution required to match depth of 
tint. The calculation is the same as above. 

Ein tome. 

.\dd 25 c.c. of alkaline permanganate and re¬ 
distil. 

For interpretation of results consult a work on 
M'ater analysis. See Appevdir :TU for typical 
analyses. 

(!t5) EAImotion of Oxygen required to oxidise 
Organic Matter. A standard solution of potassium 
permanganate is required eontaining 0-395 gram 
per litre. Tlien 1 e.e. -0001 gram of o.\'ygen. 

Into a clean glass bottle or flask place 250 c.c. of 
water to be tested ; then add, from a graduated 
pi])ette or tube, 1 e.e. of the standard perman¬ 
ganate solution and about 10 c.c. of sulphuric 
acid to which has been added enough perman¬ 
ganate to make it slightly pink. Allow to stand 
for tifteeji tninutes at 15° ('. If the pink colouration 
remains, the oxygen absorbed is nil; if it dis¬ 
appears, add another c.c. and continue until the 
colouration is permanent for one hour. 

if the water is likely to use a, lot of perman¬ 
ganate solution, take 250 c.c. in flask as before, and 
250 e.e. of distilled water in another flask ; add 
10 c.c. of permanganate and 10 c.c. of the dilute 
acid to each, and allow' to stand for three hours, 
at the same temperature (15° C.). Then add a drop 
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or two of potassium iodide solution to the distilled 
water as “ check,” and titrate with a solution of 
.sodium thiosulphate cojitaining 1 gram per l,(K)0 
using freshly made starch .solution as indi¬ 
cator. Note the number of c.e. of thiosulphate 
required to just nmiove the blue colour caused 
by the iodide and starch. Repeat the titration 
in a similar way with the water under examination. 

Note number of c.(c of thiosulpliate u.sed. As 
the dis+illed water uses u]» no KsMii-jOh the equiva¬ 
lent in ternrs of thiosulidiate will be know n. 

(96) Kstimatkm oj A'/Zm/e-s- i NUriles. —'I’lie total 
.solids from 500 c.e. of watei' are taken u]) with 
a small quantity of distilled water, filtered, and 
wa,shed. 'Fhe filtrate, after being eva])orated to 
about 2 <!.c., is put info the cu{) of a uitronuter 
and then carefully into the instrument, which 
must be full of (fean mercury. The beaker and 
<aip are then washed with a little w'ater, which 
is also allowed to run into the graduated tube; 
6 e.c. of HOE free from nitrates are then 

carefully admitted, care being taken not to admit 
air. Any air or Cth bubbles w^hich may be pro¬ 
duced are carefully driven out by laising the other 
limb of the instrument. I'he tap is again turned 
off, and the tube and contents carefully but 
thoroughly sliaken tor about ten minutes, or until 
tliere is no further increirae in the volume of gas 
collected. .Allow to cool, and then adjust the 
level of the mercury in both tubes until that in 



ANALYSIS OF l-TF.L, priC. S9 

the open tube is about oue-tcntli of the volume 
of the liquid above tlie mercury in the closed 
tube. Read off tlie volume of Jiitric oxide (NO) 
find note temperature and barometric iiressure. 

Calculate to volume at ()'\ and 71)0 mm. NO 
contains half its volume of nitrogen, so the gas 
thu.s found represents nitrogen in 1.000 parls. 
] c.c. of nilrogen weighs •0012544 gram, there¬ 
fore : 

c.c. of N (at X'lT) . -12.544 parts of N per 
lOO.IMIO. 

N 4-5 HN(b. 

(97) KKlinKtlion of Xitrate.'f Slavdaid Indigo 
No/a/voH.-—The following standard solutions are 
rcquiriMl ; 

indigo Solution.- Digest 1 gram of |)Uie solid 
indigo with 10 c.c. of fuming sulphuric acid for 
•several hours on a water bath until all is dissolved. 
Make the solution uj) to a volume of two litres with 
ilistilled water. 

Standard Nitrate.-- Dissolve t-(K)4 grams of pure 
KNO;, in one litre of distilled water. This contains 
the equivalent of 1 gram per litre of HNOu: for 
use dilute ten times ; then 

1,000 c.c. - 01 gi’am HNOo. 

To .duudardine Indigo.—Take 10 c.c. of the 
dilute nitrate solution and 10 c.c. of distilled 
water in a flask, add 20 c.c. of pure 36 K 
free from nitrates, and immediately run in from 
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a previously filled burette the iudigo solution, a 
few drops at a time, until the first brown tint 
begins to become darker, when the addition may 
be hastened. The reaction is complete when the 
solution assumes a decided!}^ green tint, which is 
best seen upon dilution. With a little practice 
the end tint is soon recognised. 

•001 . , . 

No. of c.e. used 

To estirmle Nilrnle in HV/hr.--'rake L‘0 c,.c. of 
the water and. 20 c.c. of 36E H.SO, ajid titrate as 
d(^scribed. 11 the water contains more than 
10 parts of HNtb per 100,000, use 10 c.c. and 
dilute to 20 c.c. with distilled water. 

No. of c.(\ used , factor , oO.tMMi parts per 
KKI.OOO of RNO.,. 

'I'lie indigo should occasionally be checked, as it 
deteriorates after a time. An estimation can be 
carried out in less than five minutes. 

(08) Poisonous Melnik. —A drinking water should 
always be tested for lead, co])per, etc., by passing 
H.S gas through a quantity of the water contained 
in a clear glass vessel. No dark colour should be 
produced. If present, lead may be estimated b}^ 
evaporating several litres of the water to a small 
bulk, acidifying slightly with hydrochloric acid and 
ppt. with H...S. 

Filter, wash, convert into PbSth, and weigh ; or 
lead may be estimated colorimctrically by com- 
pari.^on of the depth of tint i)roduced by adding 
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H.i>S to a known amount of water, and also to a 
standard dilute solution of lead nitrate. 

Pass H.H through at least 1 litre of water. 

Estimate as PbSO, or color!metrically. 

Wiiter solfemng. —Mdny .systems of water soften¬ 
ing are in vogue ; they are nearly all based upon 
the removal of carbon dioxide and conserpient 
])recipitation of calcium carbonate by means of 
lijiie, or precipitation of carbonate and sulphates 
by means of soda ash (NaaCO^) or caustic soda 
NaOH. 

The following are the principal reactions in¬ 
volved ; 

(1) (ViCO, i CO. C Ua(OHb 2('a('(\ U HT.) 

(2) AlgCO, + CO 2 I 2('a(OH)., = 

2('a('(),, i Mg(OH), I BJ) 
(:i) CaStb f Na.,UO;, - CaUOs ! Na.,SO„ 

(4) .MgSO, -i Ca(OH)., + Na/'O, - 

('aCO.i 1 Mg(()H )2 4 NuaSO, 
(.^)) CaUO, i- 2NaOH ('a(OH),,^l- Na,(X), 

(6) CaSO., + 2NaOH ('a(OH)., + Na,K 04 

The following illustrates the method of calcu¬ 
lating the amount of lime required per 1,000 
gallons, the (hOOs present being known from the 
temporary hardness or by analysis of the total 
solids: 


CatXh + (XL 4- CaO - 2('aU(h 
100 4 56 
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100 parts of ('aCOa requires 56 ])arts of quick¬ 
lime ((!a()). 

Tlie water has say 15 parts of ('aCO., jier 100.(100. 

1,(X)0 parts of water coutaiii -15 of Cat'O;,. thei'cfon' 

1,(100 parts of M'atcr require • 

* 100 ’ 

56 -15 > 70 

- srauis of CaO per gallon. 

56 '15 70 1,000 . , 

- =-graius oi ('aO per I,(MK» galls., 

or 56 -15 700 5,880 grains; 


there are 7,000 grains per lb. (Hi oz.), 


5,880 X 16 
7,000 


oz. per 1,000 gallons : 


or, as one equation. 


5() degrees of hardness 
1,000 


10 


In actual calculations (he percentage of CaO in the 
lime used must be known (140) and allowed for. 
Slaked lime is always used in practice; the 
eq<iation then becomes 


74 \ degrees of hardness x 16 f oz. of Ca (() H pei‘ 

1,000 " i l,0(Xf gallons. 

. , 74 \ hardjicss x 16 \ 1(X) 

^ ” 1,000 : percent: ofC7i(OH), hriime 

1,000 gallons of slaked lime required. 

As the amovuit of CO^ in the water is always 
largely in e.xcoss of that required to keep the 
CaCOs ill solution, the above calculation will only 
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give approximately tlie amount of lime to be 
actually used. 

'J'he following method of ascertaining tin; amount 
of lime (CaO) required per million parts of an 
ordinary water is taken from a paper by Mr. 
\V. 1). Collins in the Kmjiiicermj Hm>nL February 
Khh, IhOT (I'.S.A.) : 


(hh) Exr/s.‘< of — 1 'itrate 100 (;.c. of the w ater 

V 

with ^ Ma.,C(). solution free from bicarbonate. 

.")(( 

using ])henolphthalein as indicator. 

Nh). of c.c. used 10 - CaCO, equivalent of 
C(L (a). 

(100) Ttonporarn /mff/wc.w.—'Citrate 100 c.c. of 

V 

the water with H,S(), in a 200-(^c. graduated 

flask, using methyl orange as indicator. 

No. of c.c. used ' 10 ])arts |H‘r million of 
CaCOj (h). 


(101) J/m/Mc.sK/.--- Heat to boiling in the 200-c.e. 
bask the neutralised water ( 100 ) ; boil for fifteen 
minutes, add 2 r» c.c. of saturated lime water. 


Make iqi to 2(K) c.c. at temperature of joom. 
Filter into a graduated cylinder, reject first 50 c.c.. 


N 

titrate next 100 c.c. with H.SO 4 , using methyl 
orange as indicator. 

Repeat, using distilled water. 

Difference ^ amount of Hij.SOi whi«h has been 


neutralised by Ca(()H)2 required to ppt. MgO. 
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This No. of c.c. > 20 =parts per million of CaCO;, 
erniivaleiit to magnesia (c). 


(102) Permanent hardnesft .—Boil 2.% c.c. of the 


water iji a porcelain dish. 


Add 25 c.c. of 


N 

10 


soda 


reagent (equal parts Na^t'O;,, NaOH), aiul boil for 
ten minutes. Filter, make np to 250 c.c., and 
N 

titi'ate 100 c.c. with H.,S(.) 4 . Repeat, using 

ilistillcd water. Diiference in number of c.c. of 
HaSCh required soda reagent used. 

This jiumber x 10 parts per million of ('aCO^ 
as permanent hardness [d). 


(103) llion a-\ h !- c ■--.50 ^ parts per million of 
€aO required to soften water. 

d ;■ 100 = parts per million of soda re<juired 
to remoA'e permanent hardness. 


GAS ANALYSIS.—Collection of Samples 

—A sample of rotary kiln or furnace gas can best 
be obtained at the base of the shaft. Fox' this 
purpose a brass or copper tube sufficiently long is 
introduced tlirough an eye hole or an opening 
especially made. 

The length of tube inserted in the furnace should 
have holes pierced in the sides in order to obtain 
a sample of the gas from as many different points 
as possible. 

In orderto prevent corrosion by acid gases, the 
tube may be dipped in a strong solution of borax 
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and dried ; upon becoming heated the borax fuses 
and forms a protective glaze. Aspirators of metal 
or glass may be purchased, but for ordinary use a 
very effective one can be easily constructed from 
a Winchester quart bottle as follows : 

(104) I'^it the bottle, with a sound cork or rubber 
bung pii'fced with two holes. The cork is fitted 
with two glass tubes bent at right angles, one 
being sufficiently long to reach to the bottom of 
the bottle, the other only just ]:)assing through the 
cork. 

When tlie apparatus is to be used a glass or 
rubber tube sufficiently dong to reach below the 
level of the bottom of the bottle is attached to 
the exterior end of the longer tube, the bottle is 
filled with water and suction applied to this tube ; 
the water is thus syjdioned off, and the gas enters 
the otlier tube and fills the bottle. The rate of 
aspiration may be regulated by placing a screw 
clamp on the rubber connection. By preparing 
a number of bottles fitted in a similar way, but 
the glass tubes bearing glass stop-cocks, any 
number of samples of gas may be obtained with 
the use of one aspirator. 

(105) The apparatus is fitted up as follows• 
Place the sampling tube in the flue; to the end 
obtruding attach a wash bottle or a dust trap con¬ 
sisting of a tube loosely packed with asbestos or 
cotton wool; connect this to the sample bottle and 
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that ill turn to the a.spirator, making sure before¬ 
hand that all connections and stoppers are abso¬ 
lutely gas tight. Before scaling off and dis¬ 
connecting the sample bottle, aspirate at least 
t« ice its volume of gas through the ajijiaratus in 
order to remove air and to saturate the wash 
water with the gas under examination. 

Awth/sis of (lascK in tli< Hem pel Apfximlnx. -\n 
kiln or furnace gas it is nccessarv to estimate the 
following constituents when present : Carbon di- 
o.xide, carbon mono.xide, oxygen, nitrogen, and 
hydrocairbons. For a description of the ap])aratus. 
moile of fitting together, and other details Hempel’.s 
(ion Andhixin should be consulted. 

The following solutions for absorption are re¬ 
quired :— 

(100) For Carbon Dioxide. —.Dissolve 100 gram.s 
of KOH in 130 c.c. of distilled uater. 

(JOT) For Oxpqen .—Dissolve 10 grains of pyro- 
gallol in 200 e.e. of potash solution (100). 

(lOS) For Cftrbon Monoxide.- Dissolve a mixture 
of 80 grams of copper oxide (CuO) and 17 grams of 
eo|)])er filings in 1,080 grams (000 c.c.) of hydro¬ 
chloric acid of sp. gr. 1124, adding this mixture to 
the acid slowly with frequent stirring. Store in a 
bottle containing metallic copper. 


(100) FilKnij the Burette .—(Connect a piece of 
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capillary glass tube to the; top of the measuring 
tube of the burette by means of a piece of stout 
rubber tubing, which should carry a clip and be 
uired on. Fill the pressure tube with water satu¬ 
rated. ij ])ossible, u ith the gas under e.xamination ; 
raise llie tube, thus causing the water to enter the 
measuring lube until it issues from the capillary 
tube. ( |()se the clip and connecit to the as])irator 
by means of anoihei- piece of short. rul)ber tube. 
.\ll rubl)er connections should be wired on. Jjower 
tlu' j)ressui'e tube and ojkmi the clips until the gas 
to be analysed is drawn in and rather more than 
lOd c.e. are contained in the measuring tube. 

('lose the clips and disconnect from the as])irator, 
which must, o1 <amrse. be again securely sealed u]). 
Now close the long I'ubber tube between the pres¬ 
sure and measuring tubes, liaise the pressure tube 
and oi)en the clip to allow water to flow into tlu' 
measui'ing tube until it just reaches the graduation. 
Again close the clip on the connecting tube and 
o])en the top of the measuring tube ; excess of 
gas will escape, and exactly 100 c.e. wall remain 
at atmospheric pressure ; close the clips. 

Ff)r technical work it is not necessary to note 
barometric j)ressure or temjKU'ature. jn-ovided th(>y 
do not ^dter during the examination. 

(110) Eftthmliou of Carbon Dioxide.—FiW an 
ordinary absorption burette with the potasli solu¬ 
tion (10b) by means of a fuimel attached to the 
tubf^ (amnected with the reservoir bulb. 'J'hen, by 
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means of suction, draw tlie solution into the othei 
(absorption) bulb until it almost completely lllh 
the capillary tube; thus practically all air is- 
ex(;lu(led from the apy>aratus. Such an amouni 
<if reagent must be used that it will be containec 
by the leservoir bulb when it is driven back b;\ 
the gas from the pipette. Havijig filled the 
burette, note the yjosition of the reagent in tlu 
capillary tube and bring it to the same ]>ositioi 
between each reading. .Attach the pipette by 
nu'ans of the connecting ca})illary tube and rubbei 
joint. 

Open t.he pinch-cocks and raise the ym-ssun 
tube, thus causing the gas to enter the burette 
Allow the water to fill the connecting eayiillarj 
tube, close the y)iiich-eoeks. and g('ntly shake tin 
contejits of the burette in onlcr to yirt'scnt a largcj 
surface of the reagent to the gas. Allow to stain 
for at least five minutes. Cause the gas to returi 
to the yjipette by lowering the pressure tube 
adjust the level of the water, allow to stand foi 
a few minutes, and then read off the volume o‘ 
the gas. Ileyjeat the oyieration until a constant 
volume is obtaijied. 

1 (K) — reading =- volume of carbon dioxide pei 
cent. 

E'pilwne. 

Treat 100 c.c. with yiotash solution in gas 
pipette. 


(Ill) Estimation of Oxygen .—The pipette is 
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replaced by a “ double ” one containing alkaline 
pyro-gallate solution (107), and the absorption 
process i-epeated. 

Diminution in volume oxygen per cent, 

(112) lidiihalion of Carbon Monoxide .—The 
pi])elte is replaced by one containing acid cuprous 
chloride (U)!S), and the absorption ])rocess repeated. 

Diminution in volume carbon monoxide per 
cent. 

(ll.’l) Xilrtnjen. residual gas is generally 

t aken as (amsisting of nitrogen, and this is the case 
when the furnace is working properly. Should 
then; be an insufticient supidy of air, there may be 
hydrocarbons or hydrogen present. 

(114) KdhnaUon of ('onibiidible Oane .'^.—About 
dO c.c. of the residual gas are made up to 75 c.c. with 
oxygen, and the exact volume noted. The mixture 
is then fired in an explosion jupette or eudiometer 
by means of an electric spai’k. The contraction in 
volume is, noted and the gas ]iassed into the pipette 
<‘ontainiiig potash solution (106), which absorbs the 
t !02 formed, and the volume again noted. 

The volume of hydrogeji and methane may be 
calculated as follows: 

Let .c = contraction due to firing. 

y = „ after absorption of CO 2 . 

Vol. of hydrogen equals | (x — 2y) 

„ methane equals y. 
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The ]jercoi)tagc is then calculated as follows ; 

Vol. of hydrogel) I Vol. of residual gas | 0 (j 
or inethaue I ' Vol.takcnforcondmstion 

(115) .dwr/v/.s/.s iriih the (h'ml Hyiyww/v/.s.--'riiis 
is a portable apparatus cousistiiig of a measuring 
burelte and absorption pipettes, which are tilled 
with the usual reagents. Some forms of the 
apparatus also have a palladium tube for the 
dclermination of the combustible gases. .Xceoi'd- 
ing to Hcm})el, there are several sources of in¬ 
accuracy. 

Full instructions are usually su])plied with the 
instrument. It is a convenient a])paratus for 
control work. 
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CHAPTER V. 

CEMENT ANALYSIS. 

(IH)) lu order to ascertain whether the chemical 
composition of a sample of cement fulfils the 
requirements of tin; British standard specification, 
it is necessary to estimate silica, insoluble matter, 
alumina, magnesia, sul]>huric anhydride, and loss 
on ignition, ft is not actually necessary to esti¬ 
mate iron oxide, but it somewhat simplifies the 
analysis to do so, in which case the alumina can, 
in the absence of phosphates, bo estimated by 
difference. 

For particulars of the requiremeirts the standard 
specification should be consulted. So far as the 
lime, silica, and alumina ratio is concerned, the 
following formula may be employed :— 

Let X ^ per cent. C'aO, «/ per cent. SiO.,, and 
: = per cent. ALOj, then 

X 

56 

■V + 

60 ^ 120 

should fall between 2 85 (maximum) or 2 0 (mini¬ 
mum). 
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(117) Silica + Insoluble. —Weigh out into 
ii 6-in. flat jwrcclain or platinum disli 0-5 gram of 
tlie cement. Add a little distilled water, and 
rotate the dish to prevent setting; then add 
2 ;”) e.e. of pure lOE HCI, 2 )lace on a sand or water 
hath, and evaporate to dryness. Cover with a 
clock-glass, and bake on a hot plate at a t em])era- 
tiirc of 206“ ('. tor at least one hour. i!emov(> 
fi’Oin hot plate, and allow to <a)ol. Add 2ri c.c. of 
lOE HCI and about the same ajuouiit of water, 
warm for a few minutes on the sand or water 
hath until the ijisohd)le matter is (juite free from 
iron eoni 2 )ounds. Eilter through a 12o-cm. rayad 
filter paper, wash hy decantation, leniove every 
trace of silica adhering to the dish hy imams of 
a ruhher-ti])ped glass rod. Wash with hot water 
until (piite fiec' from chloride. Hetnrn the liltratc 
to the dish, and again evayiorate to dryness on 
the sand hath. 

’I’ake up with 25 (cc. lOE HCI and water, digest 
if neces.sa.ry, tilter otf any trace of silica through a 
0-em. yrayier. and wash well. Dry and ignite the 
two re.sidues together for at least one hour in a 
good muffle furnace. 

Weight > 200 ^ silica ! in,soluble. 

Treat with hydrotiuoric acid in yflalinum crucible 
as under (17). 

(116) Alumina and Ferric Oxide. —Return 
the filtrate fi'om (117) to the evayiorating dish, add 
a droj) or two of bromine water, and bring nearly to 
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the boiling point ovei' an argund burner or on 
a hot plate. , tVmtiously add a. slight e.xcess of 
lOENHjOl-l, and gently heat until nearly all the 
excess of ammonia has been driven off. Filter 
through a l.'i-em. rapid ])aj)er ; wasli slightly, and 
eolleet the tiltrab' in a large Phillip’s beaker. 
Pi('rei' a hole ii, the tiltru’ paj)cr and wash the ppt. 
back into the original dish. Without removing 
])apt‘i- from the tunnel, dro]) on to it 15 e.c. of 
lOF H(‘], and wash clow n into the dish with about 
20 e.e. of hot water. Ilepreeipitate the alumina 
and iron oxide as b(>fore, tilter, and wash thor¬ 
oughly and rapidly, well ehunhng up the p])t. 
Dry. and igniter in nmttle- for one hour, cool in 
(h'siecator and weigh. 

Weight ,200 ])er cent, of ALt), Fedt,. 

Fuse with sodium bisulphite and estimate iion 
volumetrically as in (17/)), or take a fresh ])orlion 
of cement (0-5 gram) and (‘stimate iron vohi- 
metrieally after separating silica as under (20) 
or (27). 

(118/)) SqxtntHon of Ahtmiiia mnl Frn'ic Oxide. 

- Precipitate tihe mi.xed hydroxides w'ifh ammonia 
as in (118), tilter and w'ash. 

Dissolve the yept. on the filter with lOF HPl. 
and allow the solution to run directly into boiling 
5 E KOH, preferably contained in a yilatinum or 
nickel dish. 

Filter off and w ash the ppt. of ferric hydroxide 
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this may be dissolved in lOE HCl and i’e}3ptd. 
with 18E NH4OH, filtered, washed, dried, ignited, 
and weighed as EeoOa. 

Weight X 200 - per cent. EcoOa. 

Acidify the filtrate with JOE HCl, and p})t. tlie 
alumina with lOE NHiOH, filter and wash. 

Kedissolve with lOE HC’l and reppt. witli 
lOE NHjOH, filter, wash, dry, ignite, and weigh. 

Weight X 200 - percent. AlAh. 


(110) Lime ((!aO).- Evaporate the filtrate (J IS) 
.somewhat, if necessary, and heat nearly to boiling, 
add about 20 c.c. of 5E N.H,iOH, boil and add at 


least 30 c.c. of boiling 


3E 


ammonium oxalate solu¬ 


tion, and continue to boil for five minutes. .Allow 
to stand in a warm place, if possible, for at least 
one hour. Filter through a IS-cm. pajier and 
w ash. The filtrate and first w'ashings are reserved 
for MgO determination (121). 

('ontinue the washings until a drop of the filtrate 
does not discolour an acidified very dilute solution 
of potassium permanganate. Estimate CaO gravi- 
metrically (see 8a, Sb, and 9) or by means of 
standard solution of permanganate, as described 
in (10). 


(120) P’or very accurate work ignite the still 
moist ppt. in a platinum crucible over a small 
bunsen burner. Place in a large beaker, dissolve 
ppt. in redistilled lOE HCl, dilute with l.'iO c.c. 
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of water, warm, add slight excess of lOE NHjOH, 
filter off any traces of alumina, reprecipitate with 
ammonium oxalate, and e.stimate tlie Cat) as 
before, or ignite in good muffle to constant weight. 

Weight of ('aO x 200 percent. CaO. 

(121) Magnesia (.VlgO). —The filtrate or filtrates 
from (110) are evaporated nearly to dryne.ss in the 
large dish. .\dfl 20 c.c. of pure lOE UNO;,, eva]) 0 - 
rate to dryness, and eonfinue heating on the hot 
plate until all ammonium .salts ai'c volatilised. 
Remove from jilate and dis.solve resi<luc in 5 e.e. 
of lOE HCl and about 20 c.c. of distilled water. 
Add one droj) of bromine water and slight excess 
of lOE NH,,()11, warm carefully for a few minutes 
and then filter off any ppt. through a 5-cm. ra])id 
paper. If not exc(!edi)ig 0002 gram, ignore. 
Collect filtrate in a 200-c.c. beaker, add 10 e.e. of 

20E NH 4 ()H and 5 c.c. of Na»HP 04 solution. 

Stir well with a rubber-tipped rod, and allow to 
.stand in a eool place over night. 

Eilter through a 7 or t) cm. filter paper, wash by 
decantation, using 5E NH^OH ; then transfer ppt. 
to the paper, remove by means of the rubber-tipped 
glass rod any particles adhering to the sides of the 
beaker, and continue to wash until free from 
chlorides, d’he ppt. may be ignited while moist in 
a platinum or porcelain crucible in the muffle fur¬ 
nace or over a good burner for half an hour. 
Cool in a desiccator and weigh as MgjPjO;. 
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Weight of ppt. X 0-:f()2 x 200 = per cent, of 
MgO (sec Appendix, 2r)A). The ppt. before washing 
may be dissolved in a little warm water and a 
drop of hydroehlorie acid, and r(ip))td. by addition 
. 2E 

of I e.e. of Na-jHPO,, and excess of ammonia. 


(122) Alkalies. 'I’liese are generally estimated 
by difference; they may b(' e.stimated directly by 
the Lav\rence Smith method as de.scribed under 
Clay (.'511, or as follows ;— 

IVeat one grain of cement in a large [ilatinum 
dish, as for ordinary analysis for estimation of 
SiOj. .AM);, Fed).;, Cat). Fva])orat(' filtrate from 
)'a() delerininatioii to dryness in a platinum dish 
cari'fnlly. Ignite residue until free from ammoii- 
iacal salts, c(>ol, tlnm add o e.c. of watm' and 
brush in about 1 gram of ])ovi(icred oxalic aciti 
ci'ysfals. Fva])orate carefully to dryne.ss and 
ignite as before. 'I’reat the residue with about 
20 c.c. of hot distilled water, filter, and wash; 
rc'sidne consists of MgO and may be weighed as 
such. 

'I'he liltrate is made acid with lOF }f(t and 
evaporated to dryiu'ss v(Ty carefully in a weighed 
])latinnm di.sh. Cool in a desiccator and weigh. 

Weight NaCl f KCi. 

Xa,() and K.O can then be e.stimated as under :}2/;. 

Perform a blank experiment, using same quan¬ 
tity of reagents and deduct result from above. 
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E'pUmne. 

Separate SiOo, Al-jOj. Fe^Oa. ('aO. 

Eva].K)rate i.o dryoeHa, add o.xalic acid and 
water, eva))oratc to dryiies.s, take u]» with 
\\ater. filter and wash. Acidify filtrate 
with ]iydroeliIori(! acid ami evaporate. 

Se]>arafe KCI and NaCI by moans of platinnm 
ehloride (see 

For loss on iynition. see (LSO). 

(1-d) Ordinary Method of Analysis for 
Technical Purposes. — SdL and Innolnbln.-— 
Weiyh ont d o gram of cement info a 0 -incli iwrce- 
laiii dish, add a little water, swirl round, and add 
2.') (\e. IdF HCI. Fva])orate to dryness on hot 
]ilale, cover, and hake for one hour. Ifemove from 
hot plate, and when nearly cool lake ii]i with 
2o e.c. lOF HCI and water. Digest, if necessary, 
filter off SiO, I ijisohd)l(“, elean dish, well wash, 
ignite and weigh. 

Weight / 200 per eent. silicai and insoluble. 

(124) Aldlj. Fc./)-i.— To filtrate from (12:5) con¬ 
tained iji the large dish add a drop or two of 
bromine wafer and slight excess of lOF NH 4 OH ; 
gently boil off excess of ammonia, filter through a 
rai)id ])aper. Mash M'ell, ignite and weigh. 

tVeight > 200 - per cent. ALO.-,, Fe.Xh- 

Estimate FcaO,, separately if rerpiired (20) or (27). 
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(125) CnO .—Boil filtrate from (124) in a large 
Pliillips beaker, add slight excess of ammonia and 
SE 

50 c.e. of boiling ammonium oxalate, boil for 


three minutes, allow to stand for half an hour, filter, 
wash well, and estimate by means of sfandard 
permanganate (9). 


(J2b) Evaporate Hltrafe from (125) nearly to 
dryness, add 50 c.e. of IfiE HNO 3 and drive off 
ammonium compounds. Take up with a few drops 
of hydj'ochloric acid and a little water. Add 
slight excess of ammonia, filter off any p]>t., to 

filtrate add 10 c.e. JOE NH^OH and 5 c.e. of 

Na 2 HP 04 , stir well oi' shake in a sf.op})ered bottle 
vigorously, allow to settle, filter, wash with 5E 
NH4OH, and weigh as MgaPaOj (25a). 

Weight X 0'362 - 200 per cent. MgO. 


E'jdtowA'. 

0-5 gram cement, treat with 25 c.e. hydro¬ 
chloric acid, evaporate to dryness. Bake 
one hour, allow to cool, take nj) w'ith 
25 c.c. hydrotihloric acid. Filter, wash, 
ignite, and wmgh = SiOo -f insoluble. Ppt. 
AljOj, EcaOa with ammonia. Filter, wash, 
ignite, and w'eigh AI 2 O 3 , FejOj. To fil¬ 
trate add boiling ammonium oxalate + 
ammonia. Filter, wash, estimate (!aO. 
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Evaporate (ilirate nearly to dryness, add 
:t0 c.e. nitric acid, drive off all Ain. salts. 
Dissolve in dilute hydrochloric acid, ppt. 
and filter off traces of Al.O,,. EeAh : ignore 
ppt. 'I’o filtrate add ammonia ! sodium 
phosphate, agifate, allow to settle, hlter', 
wash with oE ignite and weigh 

as .MgalLO; : calculate to MgO. 

(127) Insoluble Residue. Weigh out into a 
5-in. flat distilled dish (to gram of cement. Add a 
little distilled water and rotate to prevent setting ; 
then add 10 c.e. of lOE HCI and warm on the hot 
plat<' for t(*n minutes or a »|uart('i' of an hour. 

Add 10 c.c. of lOK HCI and about 25 c.e. of 
water, allow insoluble matter to settle, lilter 
through a fl-cm. rajiid ])aper, wash at least three 
times by decantation, allow'ing as little of the 
insolnbh' matter' as possible to leave the dish. 
Finally, wash back into the dish any [larticles 
adhering to the filter paper without r'cmoving latter 
from the funnel, d’he iiltr'ate is used for' estimation 
of SO,; (128). d’o the contents of the dish add 
10 c.c. of 5E Na.CO,, solution and boil for ten 
minutes. Filter rapidly through the paper pre¬ 
viously used, and wash with boiling water until a 
dr'O]) (if the filtrate leaves no residue upon evapora¬ 
tion. Dry. ignite, and weigh. 

Weight 200 per cent, insoluble residue, 
dhe weight so obtained is subtracted fr'orn the 
total SiO, and insoluble residue (117) and (123). 
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E pi toms. 

Treat O T) gram with warm hydrochloric acid. 

Filter, \^ ash by decantation. 

Boil residue with 10 c.c. sodium carbonate 
solution. 

Filter, u ash, ignite, and weigh. 

(128) Sulphuric Anhydride (>S(\).—Boil in 
a 10-oz. Phillips beaker the hltrate from (127), and 
whilst still boiling add drop by droj) 10 c.c. of 
E BaCla solution; after five minute's allow to 
settle in a warm place for at least two hours, if 
])ossiblc. Filter through a 7-<mi. close-1 c.xture 
})a])er, wash with warm w'ate'r until epiitc free 
from chloride. Dry, ignite, and weigh as BaSO,,. 
The crucibhe containing the damp pajwi' may be 
phiced in the mouth of the inutile furnace' and 
ignited therein afterwards without much fear of 
an inaccurate result. 

Weight of BaSO,, 0-3431 y 200 per cent . SO,,. 

Epitome. 

Precipitate with barium chloride solution. 

Wash, ignite, and weigh as BaSO,. 

(129) Sulphur as Sulphide.— Sidpbides, if 
present in sufficient amount, may be estimated by 
the following methodTreat 0-5 or 1 gram of 
cement wdth a little w^ater in the usual way, then 
add 25 c.c. of 16E HNO 3 , warm and evaporate 
gently to dryness, allow to cool, and take up with 
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10 c.c. of lOE H('I and water. Eiltcr off silica and 
wasli. 

To the filti'ate add 10 c.c. of E Bat.’l, solution and 
treat as in (12S). From the weight of BaS ()4 
•obtained deduct (he eciiiivalent found when esti- 
niating SO,.. I'lje e.xcess BaSOj ■ 0-].‘{7 200 

(or BK)) per cent, sulphur as sulphide. 

Eviloiitc. 

Treat with nitric acid. eva])oratc, take up with 
hydroelilorie acid, tiller and wash. 

'Po filtrate add BaCl.j solution, filter; wash, 
weigh as BaSO|. 

The .sulphur found as sulphide may be calculated 
to ealeium sulphide, CaS, thus ; 

Weight of BaSO, 0-.‘{0!) 200 -- CaS, 

in which case the ecpiivalcnt must be deducted 
from the lime (CaO) found. One per cent, of 
CaS - 0-776 per cent. Ca,0. In like manner SO., 
niay be converted into CaS 04 . 

Weight of BaSO., > 0-r)83 >: 200 - (.'aSO,,. 

For each 1 per cent, of CaS 04 deduct 0-41 per cent, 
from the CaO found. 

(130) Loss on Ignition.- 0-5 gram is ignited 
ill a platinum capsule for ten minutes in a muffle 
furnace. The temperature should not exceed 
800^ C., or there wall be a loss of SO,. 

Loss in weight x 200 = loss on ignition (CO.j + 
HaO + organic). 
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Carbon Dioxide.—if necessiiry tliis may be 
estimated by treating 5 grams with liydrochloric 
acid in the absorption apj)aratus as described 
in (14). 

(Ell) R. K. Meade {Porllund ('(iiicnl) rcH'om- 
inends the nse of a Shimer crucible. 'I’liis consists 
of a j)latinum crucible providt'd with ,i vvat(M- 
jacketed stop])cr and reservoir for su])plying watt'r 
to the latter, from 1 to .‘1 grams of cement, is 
placed in the crucible and cov(*red with ignitr'd 
asbestos. 'I'lie cru»al)le is heated by means of a 
bunsen burner after starting a How of hot water 
thi'ongh the stoppei. The gas is aspiratcnl through 
potash bulbs ami calcium chloiidc tubes in the 
usual way. h'inally the crucibh' i^ heated over a 
blast burner. 'Phe absorption apparatus is 
weighed; increase of weight eipials CO... If the 
(•(‘meid contains any uubnrnt carbonaceous material 
this causes an error. 'Phe carbon may be estimated 
by treating the cement with acid, tiltering through 
asbestos, and then igniting residin' in the crucilile. 
For details see work cited. 

(E12) Rapid Method for Estimation of 
Lime in Cement. —WeighO ogram of cement into 
a dry wide-form 800-c.c. beaker, add about 10 c.c. 
of distilled water, and rotate to prevent setting, 
then add 20 c.e. of lOE llCl. Warm until .solution 
is complete. Dilute to about 250 c.c. with warm 
water, boil for a few minutes, thi'ii exactly neutral¬ 
ise Avith lOE NHjOH, using methyl orange as 
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indicator. To tlie boiling solution add 10 c.c. of 

(conceidratcd) oxalic acid solution, boil tor 

:Wj 

one minute, then add 70 c.c. ot „ aininonium 

o 


oxalate solution. Boil for seven minutes, remove 
lioti! heat, allow to settle, and lilter through a 
lo-i in. rapid paper. Wash several times by 
decaiitatioii, using j)lenty of hot xvater; then 
iransl'er to lilter pa])er and wash until a droj) of 
the nitrate acidiiied with sul])hurie acid does 
not decolourise xvatta- faintly linOal witfi p('r- 
manganate. About 700 c.c. of wash water will 
be re(iuire(l ; with ])ra.ctice, always using the same 
(luantity of reagents, one can readily gauge tin" 
amouid of warm water to use, 

Jtemoxe the filler from the funnel, o)ien and lay 
against the sides of the beaker in which precipi¬ 
tation was made. Wash p])t. from the itaper into 
the beaker. Add hO c.c. or sullicient oli H.,S(),, 
warm, titrate with standard permanganate, of 
which the strength in terms of CaO is known. 


Number of c.c. used x factor x 200 Cat). 


(1113) The permanganate may be standardised 
against pure Iceland .spar, or better against a 
“ standard ” cement, the lime in which had heen 
carefully estimated by a gravimetric method. 
Pure recrystallised oxalic acid may also be em¬ 
ployed. 

A convenient strength is obtained by using 

s 
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H to 7'gramK of pcnnangaiiato per litre; the 
sohition should be made soiue da_ys Ixdore it will 
tx! required. 

(134) ANALYSIS OF GYPSUM, PLASTER, 
KEENE’S CEMENT, Etc. -All these Ixxlies 
consist of (adciuni sulpliate in one lonn or 
another. The necessary csti;nations include 
silica r insoluble matter, alumina and iron oxide, 
lime, magnesia. sul])hurie anhydiide, and water. 

(13.7) Silica and Insoluble. Weigh out into 
a porcelain or platinum dish 1 gram of the tinely 
powdenxl material. Add a little watei' and rotate 
to ])revent setting. .\dd 10 e.e. lOl'l HCI and 
evaporate carefully to dryness. ’I’ake u]i with 
27 e.e. of lOK HCI and water. l>ige,st, if neces¬ 
sary : lilter olT through a small filter paper any 
insoluble matter, wash well. dry. ignite, and weigh. 

Weight 100 ^ jx'r cent, insoluble. 

(130) Make the tiltrate up to .700 e.e. and divide 
into tw’O ]tarts of 270 e.e. each. 

Alumina 4 Ferric Qxidc, Lime, and Mag¬ 
nesia. —In one ]x)rtion estimate AljOg, FCi.0.j, CaO, 
and MgO by the ordinary methods. 

(137) Sulphuric Anhydride. Place the 
other portion of 2,70 e.e. in a fairly large beaker 
and bring to t he boil; whilst gently boiling, add 
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20 c.c. of E EaCl, droj) by dro]). Allow ppt. to 
settle, filter, wash, ignite, and weigh. 

Weight of ppi. '• O Od-ill ,< 200 per eent. SOj. 

Weight of ])i>l. : d aSil x 200 - - percent.flaSOj. 

(J.‘!S) Water. - Weigli O n grain of the finely 
ground sample into a platinum erueihle and iieaf 
in llie oven lor one hour at 100'^ ('. 

Los.s in weiglit ; 200 per eenf.. inoistim' at 
100 ' C. 

(1286) Ignite the dried materia] from (128) ovit 
a hnnsen Inirner or in the nuilTle furnace at a 
teni])eralure of lielween 250“ to 400° ('. for half 
an hour, allow to cool in desiccator and weigh. 
Reiieat to eonstanf, weight. 

Loss in weight . 200 jier (a'lit. water at' 
400° C. 

(1.29) ESTIMATION OF CAUSTIC LIME 
(CaO) IN BURNT LIME. - The material 

under examination sliould he samjiled, cru.shed, 
and finely powdered as rapidly as possible. 'Plie 
original sample should be stored in an air¬ 
tight reeejitaele, and the portion for analysis 
placed in a dry weighing tube. 

(140) Estimation of CaO.-— Transfer about 
0-5 gi'am of the finely powdered sample into an 
Erlenmeyer flask containing about 2,50 c.c. of 
air-free distilled water. Boil gently for five 
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jiiiautes, close the tiask w'ith a cork bearing a 
soda-lime tube, and allow to cool. When quite 
N 

(a)ld, titrate with Ht’l, using ] hcuol{)ldlialein 

as indicator ; allow the Hash to remain some time 
to see if the pink colouiation returns. 

No. of c.c. used x '0028 I(M> . ^ 
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t H AFTER VI. 

THE ANALYSIS AND EXAMINATION OF 
AGGREGATES, CEMENT - SAND 
MIXTURES, CONCRETE, ETC. 

Ai.T!ior(!ii not stnelly tlio work of the works- 
eiieuiist, it sometimes falls t-o his lot to examine 
the mai.t'rials intended for use as augrof^ates iji 
eonerete work, oi' tht' eonciade itself. In eon- 
neetion uith the latter work it may at oma- bo 
]iointod out that it is extnmiely dillitudt to obtain 
even |)artial!\' satisfaetory residts unless tlic 
eom])osition of either the materials forming the 
aggregate or the eement is known. Such work 
is genei'ally oid\' required in east; of a failure or 
dispute as to tlu* proj)orlion of eement used, and 
the latter problem is complicated by the fact that 
the componejit ])arts are generally proi)ortioned 
by measure and Jiot by weight. 

(141) AGGREGATES. —The material consti¬ 
tuting the aggregate may (tonsist of gravel, shingle, 
limestojie, sandstone, or other natural rocks, 
burnt clay, slag, coke breeze, clijikers, etc., and 
sajid. 

The testing of sand will be dealt w ith specially. 
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All the other materials should be tested for 
soluble salts, “ free ” lime, s\il]>hur, and organic 
matter, the latter two especially iu the case of 
slag, coke bree/.e, and clinkers. 

1’he processes of analysis already described 
may be employed. 

'I’Ik' material should also be tested for dust, 
clay. ct(\, as described under sand (14d). 'I’lie 
size and pro])ortion of material retained on a 
ll-ineh, 2-inch, 1-ineh, and 1-ineh mesh sieve may 
also have to b(' determined. A full analysis will 
not be generally retpiired e.xeept tor ptirposcs of 
eom])arison. when a sample of the eonerele made 
theiel'rom has also to be examined. The ])roeesses 
of analysis employed will \ary according to the 
class of material. But those described under 
limestones, clay, slag, etc., will be found generally 
ap])li(ad)lc. 

'riie suitability or otherwise of a nuiterial 
de]>ends upon the class of work tor which the 
concrete is rerpiircd. 

(142) For the pur]»os(‘ of correctly ])roportioning 
tJie various inateriHl.s to be used in making con¬ 
crete, it is necessaiy to ascertain the ‘‘ jiercentage 
of voids ” in an aggregate. This may be, carried 
out in the laboratory as follows:—’J'ake a gradu¬ 
ated ves.se], as large as possible, say ],tKK) c.c., 
and till u]) to the mark with the material to be 
tested, shaking down well, then from another 
graduated vessel pour in water also up to the 
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mark. The volume of wafer divided by 10 will 
give the ])crceiilage of voids in the material. If 
file material is at all absorbent it should be 
])r('vionsly saturated with water. 

' 141!) SAND. All maUu’ials, ajui especially 
sand, slmnld be tested for soluble salts, clay, and 
dii'.t. One process may be mafic to sulfiee. Weigh 
up as large a (|uantity of tlie well-mixtal and dry 
mateiial as e,m be conveniently handled, say 
.400 grams. Shake up witb sufficient distilled 
watf'r. prefei'idrly in a wide-mouthed glass jar 
or })ottle, and allow to stand. 'Phe heavier 
material will ({uiekly settle whilst any clay or dust 
will remain in sus])ension, sometimes for hours. 

In Iht' absence of clay or dust, decant, a ])ortiun 
of th(' supernatant litpiid, test rt'action towards 
litmus, and then c\a.j)orate to dryness to test for 
pi’esence of soluble salts. If ordinary tap water 
is used tlur (ontcnt of t.otrd solids must be 
asfrertained prcviou.sly. 

In the ])resene(' of clay or dust it will be neces¬ 
sary to inter. 

4’he nature of the clay or dust may be ascrer- 
tained by again agitating the licpiid and jtouring 
off a ])ortion whilst the lighter particles are still 
in suspension. Evajrorate to dryness and analyse 
as under clay (19). A mechanical analysis of the 
sand may be performed as under (1.8), 

The presence of clay renders a material fprite 
unfit for concrete constructional purposes. 
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(144) The Examination of Concrete. -'I'ho 
oxaniinatioo of a sampler of sot concrete eiMails 
tlic cinployiuciit of both inochaiii(‘al and clu'Oiital 
processes. 

A larce sample, at least l.OOO crams, should l)c 
broken ii]) carefully with an iron i)es1ie and 
moiiar, avoiding as far as possible, any disinte- 
cration of the larger po 7 fions forming the aggre¬ 
gate. Separate the latter by hand or by i)assmg 
through a. sieve, and then remove as completcdy 
as possible by sera|)ing with a knde, and slitl 
brush any adherent cement and sand. 'Phe l)ro- 
poriion of tlu^ larger nodules may be roughly 

ascertained by weighing. 

With some materials it may be impossd)le to 
])erform a mechanical separation, in which ease 
the whole of the sam])ie should be crushed and 
powdei-ed, if necessary, in a, jm'chanical crusher 
and mill, and a chemical analysis entirely jcIkhI 
upon. In any caise, powder i\w portion consisting 
of cement and sand to i)a,ss a lOO-mesh sieve, and 
reserve for analysis. Remove any particles of 
iron or steel which may have become detached 
from the mortar or mill by means of a magnet and 
ignore. In the case of ferro-eoncrete, a portion 
of the reinforeement may be embedded m tlu 
mass; this should be removed before weighinj 
out the sample. 

The sample may then be analysed, first, as 
follow^sSoluble salts (186), silica and insolubl 
(117) and (127), alumina and ferric oxide (118) 
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lime (Mil) mid niitfiijesiu (119), loss on ignitioii 

(1-W). 

If tlie aggregate is known to (aaisisi of sand or 
gravel eidirelv insolidde in lOK HCI and .‘IE Mad'O., 
as us(>d ill the iiietliods of analysis described, tlu^ 
])<M( cn1age so toiind may be staled as ''aggre¬ 
gate ' If ail', of llie known aggJ'egatc has beeji 
r(■mo\e(l b\ mechanical means this must be 
allowed loi'. and Ifie original a))])roxiniate eom- 
position obtained l)y ealenlation. In this ease 
the soliibK' silica, alnmiiia, and h'l'ife oxide, lime, 
and magnesia will eonstitnte apjiroximately to 
theeement used. The loss on ignition will include 
the original ' loss on ignition ’ ol the ecjneiit, 
which may b(' ignori'd, water of hydration, carbon 
dioxide, and organic matter. Should there be any 
indications that the la1f,(>r includes coal dust. 
<oke dust, oil, tar. etc., a special method, such as 
extraction with either, benzene', alcohol, e'te., w ill be' 
re'iidere'd neee'ssary. alse) a mieroseo])ic e.xamination. 

In the ease' eif a failure,” it will be ve^ry ne'eies- 
sary to earry out an exhaustive (jualitative' 
analysis, and also from the (juantitative analysis 
to calculate as far as possible the original e'om- 
|)osition of the ceniemt used. From the results of 
an analysis it may be pejssible together with the 
data given as to average specific gravity or weight 
per unit volume of the materials used to calcu¬ 
late the parts by volume taken and thus to ascer¬ 
tain whethei' the concrete was made in accordance 
W'ith the s])ecilication. 
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Wlien the aggregate contains a material soluble 
in the reagents used, such as limestone, unless it 
can be satislactorily se])arated by mechanical 
means, the problem becomes considerablv com- 
p!i(;ated, and in lact, unless the comjmsition of 
both aggregate and cement are knoun, practic¬ 
ally nnsolvable with any degi'c.(‘ of accuracy. 

I he aim oi the ccnuMiti works chemist engaged 
u]>on such work should be to ]ii'uvc as far as 
possible that the fault does not lie with the 
cement used. To this end it will be useful. j)er- 
haps, to estimate the suljdiuric anhydride, and 
magnesia, although the presence of these in the 
aggregate may render the data useless. 

In calculating the composition of a concrete 
mixture by volume from per cent, by weight, the 
following data will be found uscfid : - 1 cubic foot 
of coarse gravel weighs about !t.') lbs.. I cubic fool 
of sand about 100 to 105 lbs.. I cubic foot of 
cement weighs about 00 lbs. Thus a 4-2-1 mixture 
by volume ol gi’avcl-sand-cement would analyse 
50 to 57 per cent, gravel, :i0 ihw cent, sand, i:i to 
14 ])er cent, cement. 
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NOTES ON CEMENT TESTING. 

For Ihc purposes of llie British Standard S])cci- 
tieation it is iiccessarv to earry out tlio following 
tesis ; ■ 

(n) Fineness, (b) speeitie gravity, (r) eheinical 
composition, (d) tensiU' strengtli (neat ccnicnt), 
(r) tensile strengtli (cement and .-and), (/) setting 
time, ((/) soundness. 

^Vitll reference to (a), (d), (c), and (<■/), certain 
instruci ions are given in the specitication for the 
carrying out of these t(‘sts. The following hints, 
largely supplied by an expert gauger, are 
only intended to amplify the oHicial instruc¬ 
tions, and in the ease of (o) and (;/) and the 
non-official tests to act as a guide for the less 
experienced. 

(«) F«//c«r.'t,s'.—Weigh out i(MI grains of cement, 
free from air-set lumps, sieve as per ollicial in¬ 
structions, brush residue on to a fared watch-glass 
and weigh. 

A “ linen-counter ’’ will be found useful for 
checking and examining the meslies of the 
sieves. 

(b) Specific OraviUj (l{louut’.s Mask).—Weigh out 
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iiO gi'am.s of cejiieiit, jilace on a slieet of ^laziMi 
paper, note teni|)ei’atnre and measure out oO e.c. 
of “ paraffin oil,'’ wliieli lias bi'en kp])t over fused 
ealeium ehloride, earefully run into tlie iierfeetly 
dry flask by means of a ])ipetti'. Stand the flask 
on another piece of glazed pa])er and carefully, 
transfer the weighed cement, l»y means of a .short- 
.stemmed funnel into the flask. This should be 
done giadually, the bottle being rotated and lightly 
rap)ted on the bench to disengagi' air-bubbles, 
betwi'cn each addition of cement. .\n\ stoppage 
in the neck of flask or fuimi'l should be removed 
by means of a clean, stout knitting needle or other 
suitable instrument. 

When all the cement has been transferred to 
the bottli', remove the finmel, replace .sto|iper. and 
agitate contents as long as air bulibies arise. 
Allow to stand for <1 short t ime and read off \olume 
of oil displaced on neck of llask. 

'Then 


Specific, gravity 


50 

e.c. di.splaced’ 


It is importiint that the femperiiture shotild 
not alter during the carrying out of the operation; 
if so the lliisk must be brought to the original 
temperature by standing in water. 

Witli tlie Ander.son bottle, 150 gi'ams of cement 
and 200 c.c. of oil arc used, the neck of the bottle 
being larger, it is somew'hat more easily filled and 
the air removed than in the case of the smaller 
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(Hloiiat) flask. To cJoaii fla.sk, shake out contents 
as coin]>letely as possihh', I'cmovin*^ any remaining 
traees wifh oil; it allowed to s(Ttl(‘ the oil may be 
used repealedly. 

Ill the ab.senee oi a cemenl gravity (lask. (he 
sjif'i itir gravi(\ may tie determined liy using an 
ordi: iry pvnknometer or .s])ecitie gravity liottle. 
I>t('lci ,d)!,\ ilh a wide neck. 

Ascertain (he specilic gravity of tiu' oil in the 
usual way (sec (i!)). Introduce a weiglu'd poi’tion 
of the cement into the empty bottle, till v\ith the 
oil and weigli. 'Phe s])ecitlc gravity of the 
cement may tlnm be calculated from the 
formula 


Sjiecific gra\ily 



L. 


W 1 weight of cement in air, \\'| weight, of 
cement in oil, and Ij sjieeitic gravity of the oil 
at the same temperature. 

(e) ('Ik mica] VoiKpimHo)!. The re([uiremeiit.s oi 
the s])eeitieation liave already been referi'ed to 
(see (ha]). V.). 

{'{) and (p) Ttnt^ih' N7re»///f/n—Jiefore attempting 
to gauge the cement for cither tensile or eom- 
])ression tests, the “ initial .setting time ” (/) 
shoidd be determined, at or near the temperature 
at time of gauging. Jf cpiick setting, each briquette 
should be giiuged sepiirately; if slow setting, the 
eenient for three or moi'e moulds may be gauged 
at one operation. 
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For each neat bri(iiiettc weigh up 200 grams of 
eemeiit. For each sand briquette 

150 grams of (aunent. 

50 „ standard sand. 

Tlie proper' ])ro])ortio]i of wafer to be used may 
be asceri.ained by trial. 

(/) Selling Time.- In oi'der to aseeriain the 
<'orrect ])roportion of water to use, neigb u]) 
400 grams of eeiiient and gauge with SO c.e. of 
water, adding siieeessive quantities of Id e.e. 
until the ])at is of correct cf)ii.sisteney. Di.scard 
this ex])erimental test piece, or at any rate, repeat 
using cori'cct. tpiantity of water, and eom])l(te 
the gauging well wit bin the limit of time of initial 
set. 

For works’ ])ur])oses tlu'. setting time may be 
ascertained upon a ])at of tiu^ neat cement, using 
the (lilmore needle or the thumb nail. Attention 
should be ])aid to the temperature and atmo¬ 
spheric conditions during the test. 

(f/) The official test for soundness is by t he Le 
Chatelier method; full instriudions for cai'rying 
out will be found in the standard spceification. 

For contract and works’ purposes the following 
qualitative te.sts will be found very irseful: - 

(hiuge up sufficient neat, cement w'ith the correct 
proportion of water to make eight pats on jiieces 
of clean glass. 

(1) Phnge Ted .—Place two pats as soon as 
gauged in clean cold water. These should set 
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hard and show no sign.s of cracking or di.sinte- 
gration. 

(2) Ti'-'il. Place two of the freslily gauged 

])ats in the moist steam at ItMT' - lOo’ F., 
prelerably in tlie liath espceially construetc'd for 
tills test, until tliorouglily set. 'I’lien immerse in 
tlie a,iter at. llo’ to 120 ' F. for tlie I’emaiuder 

oi Oc- tw ci,i v-four hours. 

'I'he pat 'hould ]iot leavi* t he glass oi- show any 
sign of cracking or lilowing. 

(2) ,\llow the l•emainillg pats to set in air, a.nd 
when set, place two in cold watei', and bring to 
tlie boil gradually and kee]> lioiling for si.\ hours. 
This is rather a severe test, Ind the pats should 
not, show any signs of cracking, ('ven if they leavi' 
th(' glass. Till' other two ])ats are kept for refer¬ 
ence purposes and for colour and gi'iii'ral appear¬ 
ance. 

('oiii.prpsKioii. T(.‘<Ik. —'I’he com])ressioir test, al¬ 
though not yet oftieially adopted, is bi'ing largely 
used on the principal works, and by important 
])rivatc lirms and public bodies. 

Owing to the larger ijuantity ret|uired for filling 
the cubical moulds, s]»eciai attention should be 
given to the gauging and to the careful mi.xing 
of the sand and eenicnt . 

For each neat cube (2| inches) take 80(1 grams 
of cement. For each sand cube (2f inches) take 
750 grams of cement and 250 grams of standard 
.sand. 
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USEFUJ. DA'I'A FOH. TES1’I\(; ROOM. 

To coinvrf — 

Jj()s. ])or sq. iiu'li into kilos per sij. eenlimelre 

by -OTOB 

Kilos per sq. eenlimetre into lbs. ])ei' s(j. ineli 

by 14-22:! 

Mesli per scp eentiinelie into mesh per s((. inch 

l>y ()'4r> 

Mesli pt'r si(. ineli into mesh per sip eenlimeti'e 

by -JiM 

(Ji-iuns into "7-ains by l!'»'4:!2:>r) 

Crains into grams liy ■(t()4S 

])egre('K (Vnl-igracle into di'grees Ealirenheit (I'M 

1 and add :!2. 

.) 

'Degrees Fahrenlieit into degrees Centigrade ((M 

subtract :!2 and by 
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APPENDIX. 

EXAMPLES OF CALCULATIONS 
OCCURRING DURING ANALYSIS. 

(1a) Clay Analysis. —Conversion of insoluble 
i\Ato felspar (21). 

Found. liisol. 12-88 per cent, containing 
1-71 ]ier cent. AI^O:..: 

tlien 1-71 X 3-5 .3-98 per (icnt. SiOj 

].7i 0 9 -1-.'>4 k:.,() 

: AlAL found 1-7] 

9-23 


12-88 - 9-23 3-6.5 per cent, of quartz. 


Report as follows: 


Insoluble matter 12-88 


iSiOj 

A1,0, 

K,0 

Quartz 


-.5-981 
1-71 felspar. 
- 1-.54I 
=- 3-65 


12-88 


(2a) To ascertain proportions of limestone and 
shale to obtain desired mixture. 
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Vllhitate Anah/fiis. 



Limestone. 

Shale. 

SiO, 

- 5-90 

49-74 

ALO, 

. 2-00 

15-98 

I'VA),. 

(»-90 

8-00 

CaO 

- 49-38 

9-08 

.MgO 

= 1-12 

4-03 

Loss on ignition 40-12 

10-04 

.\lkalics and lo.s.s 0-52 

3-13 


100-00 

100 (Ml 


(Utlciildllov. 



Limo.stonc. 


SiO, 

5-90 -. 2-8 - 

! 0-08S 

A1..(L 

2-00x1-1 

2 200 


18-888 ■ 


Shale. 

SiCT 4!»-74 2-8 - i:W-272 

AljO:; - 15-98 ' 1-J 17-578 

157-850 


CaO -- 49-380 
- 18-888* 


157-85 

CaO ill shale 9-08 


// - 30-492 


a- = 148-77 


148-77 X 100 



APPEXraX. 


i;{;{ 

'therefore 100 j)avt,s of shale should require 
487-9 parts of liiixsstoue, or 

Limestone 4-8 parts. 

Sliale ]-0])arl. 

(.■{\) To prodiiee mixture eoiitaiiiing 7h per cent. 
Cal 'O., ; same materials. 

CaCO in limestone 88-18 ])er cent. 

Per cent, required 7000 „ 

Sliale re(jiiired 13-18 pai-ts. 

P('r cent, recpiired -= 7o-00 
CaCO;, in shale 10-21 

Limestone required o8-79 parts. 

or Limestone 4-4 parts. 

Shale 1-0 part. 

(4a) Analysis of Slurry (54). 

Example of calculation : 

CaCOa -- 75-2 per cent. ^ (th 33-08 per cent. (B). 
Loss on ignition ^ 33-80 per cent. (A). 

Then 33-80 
-3308 

0-72 loss due to organic matter (('). 
and 100 ^ 0-72 99-28 (D). 

- 75-74 calculated CaCO,,. 
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(5a) (Jalcvlated CaO (55). 

Lime in residue after ignition 
Loss on ignition 
42-4 xlOO 


42-4 per cent. 
32-8 


100 -:3:5 s 


— ()4 per cent, calculated CaO in clinker. 


(6.\) Directions for making up E Solutions. 

Hydrochloric acid (s]). gr. 116) -10 K Htl 

„ ( LOS) - 5 K HCI. 

„ 200 c.c. of 5 E HCI 

diluted to 1 litre HCi. 

Nitric acid (sp. gr. 1-42) - 16 E HXO,,. 

( „ 116) - 5 E HNO,. 

„ 200 c.c. of 5 E HNO,. 

diluted one litre -E HXOu. 
Sulphuric acid (sp. gr. 1 S42) .-.‘56 E H 2 S 04 . 

Acetic acid (glacial) 17 E CHhiO.. 

,, 294 c.c. 17 E diluted 

to 1 litre - 5 E tlHjO.. 

Oxalic acid 94-5 grains dissolved 
and diluted to make 

1 litre --;:iE(' 2 HA- 

Ammonium hydrate (-880) 20 E NHjOH. 

„ ,, eijual volumes 

of 20 E and 

distilled water l(t E NH 4 OH. 
., oxalaf-e 42- 6 gra 1 ns dis¬ 

solved and diluted 

=- 1 ElXH.l^C^O*. 

o 


to 1 litre 
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Ammonium carbonate 196-7 grams 
dissolved in HH3-9 
c.c. of •) E NH 4 OH 
and diluted to litre - 
Sodium hydrate 200 grams dis¬ 

solved to make 1 litre 
earbunate 429 grams of 
eryst als to make 1 litre - 
„ hydrogen ])hospliate 119-9 

grains of crystals dis¬ 

solved to make 1 litrt- 

.. sulphite 2.")2 grams of 

crystals to make 1 litre = 
acetate 044 grams of 

crystals to make 1 lit re - 
Potassium hydrate 280 grams to 
make 1 litre 
iodide 166 grams to 
make 1 litre 
chromate 97-25 grams 
to make 1 litre 
„ ferrocyanide 105-5 

grams to make 1 liti'c ^ 
„ ferricyanide 109-7 

grams to make 1 litre 
„ suliihocyaiiide 97 grams 

to make 1 litre 

Bromine water—water at 15-5° C. 


5 E Am-GO,. 

5 E NaOH. 

9 E Na»C0.,. 

j-ENhoMPO,. 

.4 E Na.Stb. 
4ENaG,41;,02. 
5 E KOH. 
EKI. 
EKA'rO.. 
-EKjEefVN,. 
E K^KeC^N,,. 
E KGNS. 

Br water. 


saturated with Br 
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Barium (ililoride 122 gram.s dis- 


solved to make 1 litre 

E BaCL. 

Silver nitrate 170 grams di.ssolved 


to make 1 litre 

^ E AgNO, 

„ 34 grams dissolved 


t o make 1 litre 

E 

r ” 

;> 

Mercuric eliloiide 24-2 grams dis- 


.solved to make 1 litre 

2 E 

. HgCl 


Vopper ,sul])ha<e 124-75 grains of 

crystals to make 1 litre E ('11SO4. 

Platinic eldoride grams of Pf 
(ionverted into Ptl'l, and 
diluted to 1 lilre E Pt('l 4 . 


.Magnesia mixture (iS grams 
Mgt'^GHjO in about 500 e.e. 
H 2 O, add 105 grams AmCl, 
:{00 e.c. 5E NB4(4H and dilute 

to 1 litre 


t E magnesia 
< mixture. 


Ammonium molydate.—Dissolve 90 grams in 
700 e.e. of water, allow to settle and decant; 
dilute to 1 litre. 


Fusion mixture— 

106 grams of dry NajCOs 

138 „ „ K,VO, 

Well mixed and ground together. 
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Mixture for Huiiclesliufren’s method (63) for sulphur 
ill fuels— 

MpO 2 parts hy weight. 

I ])art „ 

Dried and ground together. 

<'oi)])er sulphate jiuiuiee for al)sor])tioii (14) of 
HCI 11,0 

Soak some ])ieees of jiumiee stone free from dust 
in a safurated solution of copper sul])hate. 
When Ihoroughly saturated, dry and ignite 
until white. Store in a well-stoppered bottle. 

PREPARATION OF STANDARD 
SOLUTIONS. 

(7a) Normal Sodium Carbonate, AkNajCth. 
Dissolve exactly 03 grams of Na.>(‘0:, (pre])ared 
by igniting bicarbonate) in distilled water and 
make up to 1,000 c.c. 

1 c.e. - •053 gram NuotlCX 
^•022 „ C'O,. 

N 

(8a) Deci-normal hsajCOs NajCOs. 

Dissolve 5-3 grams in 1,000 c.c. of distilled 
water. 

1 c.c. 0053 gram NuzC'Os. 

(9a) Normal Sulphuric Acid, KH^Sth. 

Dilute about 30 c.c. of cone. H. 2 SO 4 (sp. gr. 1-840) 
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to J litre. Add the acid to lesa than 1,000 c.c. of 
w ater, and when cool, titrate’ against N-NajCO;,, 
tising methyl orange as indicator. Then measure 
the solution and dilute to correct volume. 

] c.c. -040 gram H.,SO|. 

(10a) Doci-normal Sulphuric Acid lu 

Dilute 100 c.c. of normal ILSO, to 1,000 c.c. and 

N 

standardise'against NaT'O,;. 

1 c.c. ^ •0040 gram .H,SO,. 

(11a) Normal Hydrochloric Acid. N.HCl. 

Dilute 150 c.c. of pure HCl (sp. gr. I-10) to 
1 , 00(1 e.e., titrate with N'..\a,(' 0 :, and eorrect 
accordingly. 

1 c.c. (KlOo gram HCl. 

N 

(12a) Doci-normul HCl HCl. 

Dilute 100 c.c. of X.HCl to 1,000 c.c. with dis¬ 
tilled w ater. 

1 c.c. -OO.’lOo gram HCl. 

(13a) Normal Sodium Hydrate. N.NaDH. 

Dissolve about 44 grams of stick NaOH, free 
from carbonate, in about 1 .(K )0 c.c. of di.stilled 
water. Titrate, when cool, against normal H.JSO 4 
and dilute accordingly ; use methyl orange or 
plumolphthalcin as indicator. 

1 c.c. = 040 gram NaOH. 
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(14a) Deci-normal NaOH. 

Dilute 100 c.c. N.NaOH to 1,000 c.c. with 
distilled water. 

I c.e. - 0040 grain NaOH. 

(loA) Normal Potassium Hydrate. N.KOH. 

I)is.solve 50 grains in less than 1,000 c.c. of 
water, titrate against N.H.HO,, and dilute accord¬ 
ingly. For alcoholic KOH use 00 per cent, 
alcohol. 

J c.c. ^ 050 gram KOH. 

N 

(10.\) Doci-normal KOH. KOH. 

Dilute 100 (\c. of normal KOH to 1,000 c.c. 
and standardi.se. 

1 c.c. 0050 gram KOH. 

(17a) Deci-normal Potassium Perman¬ 
ganate. KJIinO.. 

Dissolve .‘M50 grams of jiotiis.sitim ])crmanganate 
in di.stilled water and dilute to 1,000 c.c. Titrate 
with pure iron wire, ferrous ammonium sulphate, 
or o.xalic acid. 

1 c.c. KiMiiaO, - -0050 gram Fe. 

- 0072 „ FeO. 

- -OttSO „ Fe^Os. 

( 18 a) Deci-normal Potassium Bichromate. 
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Dissolve 4-013 grams of fused crystals in water 
and make up to 1,000 e.c. 

1 e.c. -0056 gi-am Ee. 

'Phis solution recjuires standardisalion after a 
time. Use potassium ferric,yanide on a spotting 
tile as indicator. 


(10i\) Deci - normal Silver Nitrate. 

l^oAgNO,.., 

Dissolve Ki-OOS grams in distilled water and 
make u]) to 1,000 e.c. 

1 e.c. ■003r)4<) iiram t!l. 


(20.\) Standard Iodine Solution. 

lln })!.—25 grams iodine in 500 e.c. of ak.ohol. 
25 grams of mercuric chloride in 500 e.c. 
of alcohol. Lise etpial i>arts. 

Hanux .—13 grams of iodine in 1 litre of glacial 
acetic acid. Then add 3 c.c. of bromine. 


INDICATORS. 

(21a) Litmux .S'o/afww.-- Digest the solid with 
<listilled water for several hours. Decant or 
filter, render neutral by means of acetic acid or 
ammonia. Store in a bottle with access of aii'. 

Methyl Omw/e.- Dissolve about 1 gram of the 
solid in distilled water and make up to 1,000 c.c. 

Phenolphtluilein .—Dissolve a little of the solid 
in alcohol and dilute \\ ith alcohol and water. 
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(22a) table of atomic WEIGHTS OF PRIN= 
CIPAL ELEMENTS OCCURRING IN CEMENT 
WORKS ANALYSIS. 


Ahimiuiiim Al 

271(» Nitrogen 

N 

1401 

Barium Ba 

l:>7-:!7 (l.xygen 

O 

Ki'Otk 

Caleiiim ('a 

-1IJ-II7 Plios|ilior 

IIS P 

:{1'04 

('arium (' 

I2(>(i Platinum 

Pt 

lf(,7'2 

Chii.ririr (1 

Potassium K 

;wio 

('ll 

(l.‘to7 ■ Silicon 

Si 

28':!(> 

Hydriiurii H 

l•(MIS ; Silver 

Ag 

107'8is 

Iriin Be 

r).')-.s4 Sodiiiin 

Na 

2:!'0 

Iodine .1 

I2(i!t2 Sul])hur 

S 

:!2'07 

Magiie^iinii .Mg 

2t-:i2 ’'.('itaniiim 

Ti 

48-10 

Manganese .Mil 

r.t'ft 



(2:hv) FACTORS 

FOR USE IN ANALYSIS. 


jlr(jlliloJ. 

Kiiouti. 

Caclor. 


CaO 

CaSIL 

0-412()() 


CaO 

CaCO. 

o-ritii ).•{(» 


CaCO, 

CaO 

1 '77847 


(' 

(:Oo 

()'27272 


Vv 

b’e.,0.. 

(»'(i!m:(!) 


l''e.,( 

ia" 

l'4297!t 


HjSI),, 

BaSO., 

0'42();!() 


S 


()i;?74;{ 




O'ili^lO 


CaSO,, 

,, 

(»'.78:}:t(i 


Kt'l 

K.,Plt:i., 

t)':{0()7:! 


K.,0 

K.>Plt;i„ 

()19;!7(i 


K„0 

KCl 

(l■(i:!l7(^ 


Na.,(» 

NaCl 

()'ri;io27 


AlgO 

Mg,,l’.i(), 

O'litaoti 


AlnO 

.MU ;|04 

O'lfiOttti 



Mg,PA), 

()'(i27ii:{ 



Tallies (22a) and (2;iA) luivo bdoii eoinpiled from the 
'rable of liitomatioiial Atomic Weights (1!»1(>)- 
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(24a) lime in cement (119). 

USINC 0 5 GRAM OF GKMENT. 


Milligrams 

T, , i'Millitrrams 

rcrocnl. 5 

Per cent. 

Milligrams 

Per ci-iit. 

in 

CaSO,. 

CaO. 

III 

Ca.SO,. 

OaO. 

in 

CaSOj. 

CaO. 

fi!4 

57-IS 

720 

.59-82 

758 

02-45 


57-2(i 

727 

59-90 

759 

02-.54 

()<)(i : 

57'25 

728 

59-97 

700 

02-02 

097 

57-42 

729 

00-00 

701 

02-70 

09s 

57-5] 

720 

00-15 

702 

02-78 

(>99 

57-59 

721 

(iO-22 

702 

02-87 

700 

57-OS 

722 

00-21 

704 

02-95 

70J , 

57-77 

7.22 

00-29 

705 

(>2-02 

702 ; 

57-84 

724 

00-48 

700 

02-11 

70;! 

57-92 

7.25 

00-50 

707 

02-20- 

704 i 

.58-00 

7.20 

00-04 

708 

02-28 

705 . 

.58-09 

727 

00-72 

709 

02-20 

700 ! 

58-17 

7.28 

00-81 

770 

02-44 

707 : 

58-25 

7-29 

00-89 

771 

02-52 

708 

58-24 

740 

00-97 

: 772 

02 -01 

709 

58-42 

741 

01-05 

772 

02-09 

710 : 

58-.50 1 

742 

01-14 

; 774 

02’ 4 7 

711 

.58-58 

74.2 

01-22 

775 

02 -80 

712 

58-00 

744 

01 -20 

770 

02-94 

71.t 

.58-75 ! 

745 

01-28 

777 

04-02 

714 

58-82 ; 

740 

01-47 

j 778 

04-10 

715 

58-91 1 

747 

01-55 

' 779 

04-18 

710 

.58-99 i 

748 

01-02 

' 780 

04-27 

717 

.59-08 i 

749 

01-71 

781 

04-25 

718 

59-10 

750 

01-80 

J 782 

04-42 

719 

59-24 

751 

01-88 

ii 782 

04-51 

720 

59-22 

752 

01-90 

.! 784 

04-0 

721 

59-41 ' 

75.3 

62-04 

785 

04-08 

722 

59-49 i 

754 

02-12 

780 

04-70 

722 

69-57 

755 ; 

02-21 

i 787 

04-84 

724 

59-05 

750 i 

02-29 

!! 788 

04-92 

725 

,59-74 

757 

02-27 

i! 789 

05-01 
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(25a) table for estimation of MgO IN 
CEMENT (12«). 

USINO 05 CRAM OF OKAIENT. 


Wuulit o1 I 

MuO 

Wnylit «►! 

Ml'O 

Weiulii '*f 


>7. 

jIL'V 

M-jl'i-i >7. 

jHT rout ' 

MRil'jl.; 

pi'l Cfllt 

(ii.nii 


<>nin 

' 

(iiaiii. 


■uu8o 

0-57 1 

■0105 

P41 

•0310 

2^24 

•OOS.') 

o■ol ' 

■O200 

PH : 

•0315 

2*28 

■Otioo 

IF05 ! 

■0205 

148 ' 

■0320 

2 ^:}] 

•OOiC) 

o^os ' 

•0210 

1 52 

•0325 

2-35 

•oloo 

0■72 

■0215 

1 -55 

•0330 

2 38 

•01 IF. 


•0220 

1 -50 

■.1335 

2-42 

■ollll 

O■70 

•0225 

102 

■031o 

2^40 

■olir. 

0-83 

■0230 

POO 

■0315 

2^4n 

■0120 

((■SO 

■0235 

P70 

•0350 

2-53 

•0125 

O■0o 

■0210 

173 

•Uho.") 

2-57 

•0130 

O-O'l 

■0215 

P77 

■O30O 

2 00 

■IJ] 35 

0^07 

■0250 

181 

■0305 

204 

•0140 

POl 

■0255 

P84 

■0370 

2-07 

•01'ir. 

Pol 

■0200 

1 88 

■0375 

2 71 

■0150 

1 ■08 

■0205 

POl 

■0380 

2^75 

■0155 

P12 

■0270 

P05 

■0385 

2-78 

•0160 

P15 

•0275 

POO 

•0300 

2 'H2 

•0105 

PIO 

■0280 

202 

•0305 

2^86 

■0170 

P23 

■0285 

206 

■OlOO 

2-89 

■0175 

P20 

■0200 

209 

■0105 

2 ■93 

■0180 

P30 

■0205 

213 

•Olio 

290 

■0185 

P33 

■0300 

217 

•0415 

300 

■0100 

1 

P37 

■0305 

2-20 

■0420 

3^04 
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TABLE FOR ESTIMATION OF SO., IN 
CEMENT (liK). 

CSiKG or) (ili.Vil OE CCMirNT. 


ol 

IKT 

CiiSOj |«'r ! 



; .-(-If i 

•((1(10 

O-OS 

^ MO i 

•(Jlo-’) 

0-72 

1-22 1 

•olio 

0'75 

1-2^ i 

•oij;> 

07.S 

1-2 1 i 

•0120 

0S2 

l-lo i 

•0125 

O'O,) 

1-40 i 

•Ol+o 

O'S!) 

1-52 i 

•0125 

0 02 

1-57 j 

•oMd 

0-00 

1-02 

•0! 15 

0 00 

1-00 

•0150 

1-02 

i -75 

•0155 

1 ■()() 

1-Hl 

•01 (iO 

1-00 

1-87 

•0105 

ll:i 

1 02 

•0l7(» 

ll(i 

1-08 

•0175 

1-20 

2-0-1 

•01 HO 

]-2:{ 

2-10 

•0105 

l-2() 

2-10 

•0100 

i:io 

2-22 

•Oll)5 

i-;i:t 

2-28 

•0200 

l•:!7 

2-32 



P»T 

1 CjlSOj |HT 


(•(■III 

1 (‘(’nr 

•0205 

' 

1-40 

i 2 :)0 

•0210 

1-44 

1 2-45 

•0215 

1-47 

; 2 51 

•0220 

1 50 

^ 2 57 

•0225 

1 54 

: 2'03 

•o22o 

1-57 

( 2-08 

•0225 

101 

2 74 

•OL'lo 

104 

, 2-80 

•0215 

1-08 

! 2-80 

•0250 

1-71 

1 o^O'l 

•((255 

1-74 

■ 2 08 

•0200 

1-78 

: 303 

•0265 

1 81 

; 309 

•0270 

1-85 

i 3-15 

•0275 

1-88 

' 3 20 

•0280 

1'92 

; 3'20 

•((285 

1-05 

i 3-32 

•0200 

100 

: 3-38 

■0205 

2-02 

i :v+4 

•0300 

205 

i 3 50 
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i y 

! s 
t 
-- 

ofi 

C' X to Nf( 
X CM CM (M 

to to tO’ to 

1 5 

' v 

L 

Cl o X 

cu 


X 'X X C4 ’ 

a 

1 V 

In. In. 1 .. j 1 

CO 

•X 


jC 

i 

— 


*- r ? 

•r X ' 


' V ' 

O X X X 

a 

‘li ! 

CM - 1 cl bl ' 




Zl 3 7 -. 3 ® ® '-0 (M O I'v -t (M Gi l>. 

CO '.‘C .0 C4 Ol O'! Ol (Ol ,- -| 

!>. I ^ j ^ L'. I ^ 1 ^ JL>. |N. iX “O & 



to 

X 

CM 

-N 

X 

•o 

X 


X 

iO 

CM C> 

to 

Cl 

CM 

CM 

Cl 

CM 

*—1 

f— 

r-- 

>-H 

o 

o 

Cr C 5 

05 

x< 

x 

/j 

'X. 

X 

X 

X 

X 

X 

X 

X 

X In. 

In. 

IC 


iC 

-. 

lO 

O’ 

»“ 

o 

Ip 


iO 

O iC 

9 

•O In. 

l*>. 

Xj 

X 

C- 

o.- 


A. 

Ah 

r—^ 

CM -Cl 

X 

Cl 

C 4 

Cl 

C 4 C 4 

Cl 

CM 

X 

X 

X 

X 

X cc 



Mr? 


— r. ’C lO CO Cl O 1 ^ iO -Ti T-^ r- X' :0 -n CM 

o ) . O '0 J-O lO lO »0 -t CO CO CO CO CO 

'C' :C' ‘C 'c cr> '-C cC' o o 'C- :o ';o CO to CD JO 


r-1 I ^ to — C'l r-H O- I - lO CO C. I - O CO C- IN. 
In- O to 'O to to to lO iO' >0 »0 O CO CO 

1^ j, j I, j ^ r >. II I I I'- i>. !>. i>. 1^ L,. 


9 «. C . 

rif 


— O. I »0 CO —I 'Ot. t->. iO CO O lO -to CM O’ 00 iO CM 

Itc I - I - I - I-- to 'to to to to »0 lO iO lO iO •rr -r -t 

'X! X' ■/ X O Xj fj fj f.' X X X f'O jO X X X X 00 


'p c Ip ’O Ip O' .p 9 ip o o O' ip o >p '9 ip 9 Ip 

»0 lO to to I •.. I.. 00 X CV ct> O O’ CM OJ CO cb 

,'C'MOl'M'NC'lCMCMCM 


■r 

.s ^ 

i 

0 7" 1 

W 

— 1 

jjj 

JI ^ 1 



a 

r 

X 

p. j ! 

p. 

M ^ ? 1 

3 

? ^ I 

(ji 

-J. 

c 



i 

‘C 

^ o a * 

r 1 

& 

s 

p 

_■ . 1 
'■I':' i 


as 1 


C 4 O' X to *0 :0 OI O’ o. 1 -^ to CM I— I C. X to — ’CM 

c. O X X y.' X X X In. w I>. In. 1 >. In. CO (to to to to 

u I to to to to to to to to to to tO’ to to to to to to to to 


o 'O’ O O' Oi O Ct> o./ Ci CV X X X X ’X iN. In. In. ]>. 

XXX X In I.. !>. I, In. In. | n. In. |n. In. pN. I >. f.. In. J> 


CM O' X 'O X ^ O Cn iC CO O X CM O X to X 

CM C-1 r-4 —1 1 o O O O O ot. 05 Ci ’05 Ci X X X 


9 ip 9 jp o »p 9 ip 9 *p o ip o ip o io o X o 
jO lb to to l*N Tn. do X CTj O O Ah CM CM cb X 


10 


iVof^.—ThU Table should only be taken as a gmde when standardising a new iiistrumenti. 
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(28a) table for use WITH SLATER’S 
CALCIMETER. 


ESTIMATION OF OaCO, IN LIMESTONE. 


Beadisfir. 

Weight token 

A 

OaCdg 

Ar reading. 

Weight taken 

H 

(•87& Of A) 

CaCCi;, 

Weight taken 

C 

(*75 of A) 

raCO,( 1 

TO'OO 

__ 

80-00 

93-34 1 

70-25 

_ 

80 28 

93-67 1 

70-50 

_ 

80-57 

94-00 1 

70-75 

_ 

80-85 

94 34 

71 (K) 

_ 

81-14 

94-67 1 

71-25 . 

_ 

81-42 

95-00 1 

71-50 


81-71 

95-34 

71-75 

_ 

82-00 

95-67 

72-00 

_ 

82-28 

96-00 

72-25 

_ 

82-.57 

96-34 

72-50 

_ 

82-85 

96-67 

7-2-75 

_ 

83-14 

97-00 

73-00 

_ 

83-42 

97-34 

73-25 


83-71 

97-67 

7.3 50 

_ 

84-00 

98-00 

73-75 


84 28 

98-.34 

74-(X) 

_ 

84 57 

98-67 

74-‘25 

_ 

84-85 

99-00 

74-50 


86-14 

99-34 

74 75 

_ 

85.42 

99-67 

75-00 

_ 

85-71 

'00-00 

75-25 

_ 

8O-O0 


75-50 

_ 

- 86-28 


75-75 

_ 

86 57 


76-00 

— 

86-85 


76*25 

- 

87-14 


■ 76-50 


87-42 


76-75 

— 

87-71 


77-00 

— 

88-00 


77 25 

_ 

88-28 


77-60 

_ 

88-57 


77-76 

_ 

88-86 


78-00 

— 

89-14 


. 78-25 

_ 

89-42 


78-50 

— 

89-71 


78-75 


90-00 


79-00 

_ 

90-28 


79-25 

— 

90-57 


79-59 

— 

90-85 


79-75 

- 

91-14 


80-00 

L_'' ~ 

91-42 
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<29a) table of corrections to be AorffiD to 

CAJXIMETER READING FOR VARYING AMOUNTS 
OF ORGANIC MATTER IN SLURRY. 

RKS'ULT = <Jald. OaCO, { 0 ‘I). 


C!AI.CIMErEII Kkacin«. 





70 r.s 

7r‘*3 

i 1-00 


1 



76-27 


tO 

to 

lo 

u> 

ro 

to 

to 

to 

to 

to 

CO*.. 


7 0-r»i 

.’Mb 

/1-H6 

n-yo 

• vn 

73-88 

/ i-5r» 

7.V22 

76*82 

1-50 

i-oc 

1-07 

1-08 

1-09 

1-10 

1-11 

i-iE 

1-13 

i-ij 

1-15 

iTiil 

113 

i'l4 

I'i;. 

I'li; 

1-17 

l-IK 

1-19 

1-20 

1-21 

1-22 

1-70 

1-20 

1-2J 

1 22. 

1-24 

1-25 

1-26 

1-27 

1-28 

1-29 

1-80 

l-«0 

1-23 

1 29 

I'iJd 

1-31 

1 -33 

1-34 

1-35 

1 -^>(5 

1-37 

1-38 

l-!)0 

I ’J>D 

1-30 

1 'ot 

l•39 

1-10 

l-ll 

1-J2 

1-43 

1-14 

1-46 

L'-iXi 

I-42 

1-.13 

1-41 

llll 

1-47 

1-49 

1-50 

1-52 

1-53 

1-34 

2-JO 

1-49 

1 -50 

l-f>l 

i-.i:: 

1-51 

1-5G 

1-57 

1-59 

l-OO 

1-61 

2’20 

i-aii 

1 -OK 

l-fV.i 

l■(il 

l-(;2 

1-04 

|-(15 

1-07 

1-08 

1-69 

l’-30 

I'ca 

i-(;ri 

l-liii 

l-CS 

i-(;9 

1-71 

1-73 

1-74 

1-70 

1-77 

2'4o 

1-70 

1-72 

1-74 

1-7(1 

1-77 

1-79 

1-82 

1-,S3 

1-84 

1 -85 

2'50 

1-7K 

1-80 : i-Ko 

1 ‘JSS 

1-85 

1-87 

l-«9 

1-90 

1-92 

1-94 

2-tiO 

1 85 

! "H? 

l'8il 

l^ii 

1-92 

J-91 

1-90 

1-97 

1-98 

1-99 

2-70 

I-93 

i-9r. 

i'97 

1-98 

1-99 

2-01 

2-03 

2-05 

2-07 

2-09 

2'8o 

2-00 

2-02 

2-04 

2-0,7 

2-07 

2-09 

2-11 

2-13 

2-15 

2-17 

2 -yo 

2'OH 

2'10 

2-12 

2-13 

2-15 

2-17 

2-19 

2-21 

2-23 

2-25 

3-00 

2 i:. 

247 

2-19 

-2-21 

222) 

2-25 

2-27 

2-29 

2-31 

2-33 

3-10 

2-23 

2-2.') 

■>■■27 


2-31 


2-3.5 

2-37 

2-39 

2-41 

3'20 

2-30 

2-32 

2 34 

2-8(; 

2-39 

2-41 

2-43 

2-15 

2-17 

2-49 

3-30 

2-37 

2-39 

2-41 

2-13 

2-4(1 

2-48 

2-51 

2-53 

2-55 

2-57 

3'40 

2-44 

2-47 

2-49 

2-51 

2-58 

2-50 

2-59 

2-01 

2-63 

2-65 

3'50 

2'.')2 

2-55 

2-.97 

2-59 

2-111 

2-(14 

2-07 

2-09 

2-71 

2-73 

8'60 

2'(;o 

2-(:2 

2 ' f.O 

2-(:7 

2-l'!9 

2-72 

2-75 

2-77 

2-79 

2-82 

,3-70 

2-68 

2-70 

'J’72 

2-74 

2-77 

2-80 

2-82 

2-85 

2-87 

2-90 

3-80 

2-7.') 

2-77 

2-80 

2 * S2 

2 ’^;*) 

2-88 

2-90 

2-93 

2-9.5 

2-98 

3-90 

2-83 

2-85 

2 87 

2-90 

2-93 

2-Oil 

2-98 

3-01 

3-04 

3-06 

4-00 

2-90 

2-92 

2'9f) 

2-98 

3-01 

3-04 

3-00 

3-09 

3-11 

3-14 

4-10 

2-97 

2-99 

3-01 

3-04 

3-09 

3-12 

3-14 

3-17 

3-19 

3-22 

4-20 

3-04 

3-06 

3-()9 

3-11 

3-17 

3-20 

3-22 

3-24 

3-27 

3-SO 

4-30 

312 

8-14 

8-17 

3-19 

3-25 

3-28 

8-30 

3-32 

3-.35 

. 3-38 

4-40 

8-20 

8-22 

8-2.') 

8-27 

3-33 

3-36 

.3-38 

3-40 

3-42 

3-44 

4'60, 

3-28 

8-30 

S-.8S 

3-86 

3-41 

3-43 

3-40 

8-48 

3-50 

3-52 


la thflUret column tlml tli« Kxcess “ Loss on Ignition ’’ over (lOa, then in a, 
Hue with it under the given calciineter reading will be found the figure to be . 
added in order to obtain “ Oalculated CaCO,.’' 
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US 


(30a) table of 

PRESSURE OF AQUEOUS VAPOUR. 
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~ id 
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a i"' V 
SCJ 

s 

S C' 


p z 

« 60 

i 

5 * 

c i 

i i- 
e r: 

— 4) 

.. t-< 

t = 

ic 

(.-0 

Go 

9-0 

'(1 

i;j-o 

11-2 

17-(i 

" ' ! 

2!-ft 

18-:, 

,V., 


It *5 


1 

11 

; 17-:- 

M-y ii 

2I--. 


6-0 

T-0 

iO’O 


11-0 

ivy 

' 18 P 

i:.'i !■ 

22-0 

l'.t-7 

6-: 

7'L' 

lo-r. 

y-r. 

iir> 


! iv.-. 

i.vs i 


20 ! 

7-0 


Ji-O 

U-.s 

15-0 

12 7 

' i;‘-n 

It)-2 : 

2.f’U 

20-y 

7-5 

■•a 

j u-fl 

lo-i 


Vi-l 


i« y |l 


•2 IT. 

tfO 

8-0 

! 1 * 2 -a 

U)-r. 

j 


2<» <' 

ij 

2:-o 


8i> 

8-;i 

1 

1 12-.. 

iu-.s 

1 

u-o 

ji yfi-,'. 

1 17-y 1 

21 ■:> 

22-‘.t 
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(31a) temperature correction table 



TT y X X X X y X v: /:■ X t: x x / x x / k j j . ^ T ^ Z. ZZ -u ZZ Z- ZZ' 

n B 1- *T - ^ t- ^ r- S = r 2 r ? Cl -T - f ? -Ii -t o r ? •?' -T" » g 

Vi ^ y t? y 5 5 r X 3 3 X ^ X 'i 'i x ? 7 ? 7 7 x B x x x x x x 5 x k 


y X X X r X 

Cl Cl 4-1 'ti 'TJ r-i r: ^ jc *t 

a. X X r •/ X X x x * * 

X X X X. y X w 
o x C Cl 'T O X C Cl i- I - cv — 

_(X X X X 
X X X X ; 

’^0X0' 


z « »C I - ; 


^ X X C- 

_ IN Cl CJ 

- ?C i*: I - c: —' c? o 
,Z. .'- I- X X X 


/\*i *4« ^4» i“i 1^ 1^ 1 *^ *1^, 1^ ^ I ^ 1*^ II ^ I^ iX "X iX 

or V .X X 7 X X X- X X X ■/ X X x- X X X X X X X X X X X 


I- i', |Z. 1^ X X 


, ^ ^ ^ ^ 1-^ i-v 11-1 1- IC O O O' - ■-.? r-' 1" t' «■• X X 

• V X y X X y i /. f J f f X X x x X X X r -X X X X X x x x x 

• c. r- o c. “ c c r c — — p r ” ‘J f• ’l’ 1’ 2 X Cl ^ 3 X “ 


X / f 


CI Cl Cl 'N jc fC tc ^ X. pp 
> i- i’-^ ir O O O O » - I ■* 1 - !'• 1- X 

■ x -f 1 r. 'r^ 'f f. or r .r -i. f x 


■ S f 7 - 41 ^ y V {'■ ?i 5 H ? 1311 j) ^ = '4 S ? | | 

ly x' X y X X y X X X X X X X x X X X X X X X X_ X X 'X X X X ^ 

C O O «■ O O I ■■ 1'' 

' X 'X X X. X X_X X 



OC X X X xJ X X X X X_ X X. X X X X X X X X X X,> X X X X X X J X x ^'Ak. 

- '- ’- '- -- o 


__ , .|CIC1CIC1CCC5CC?C£C-^3- 

s; -< C5 'C V' O O Cl -P O rx c Cl ?■ -f ? r - f- - C' .■ r t* -r ;■ . -r t- -r -.• 

O .L ■> —, .L — — —I Cl Cl Cl Cl Cl fC cc CC fC cc "C -t ^ -t O lO tc 'C ‘C O O 

5, 5. -x. t. j: r.r-f. -x x r. J.x x ^ x. x X.x x x g x.|.§-|-| 


O 


St^i^i?ZrZo6oOa6a&XXCCXX’OC'X)X.Xa.3CXGCODCCXX»OX»Sx5x 

— <--1^— •-''Ci(NcieNC»cccoccec?o-t''^^'-ii'i'i«iA 

2 £S*SSSS^«®X 0 DX«®<»XXXXXXQ 0 XX XX XXXX X XX x_. 

&N i « W OCT^ to 00 OW'-t ox OM^O 00 ON<«<O« 9 «^O»© 

Z^iZ_«L#yk»y»mfi>ril©OiOs6ji3>OOOOOTH'pi^^T«WNC3NWXWXoJW^ 

SSR SS S S * S ^^ ^ " »® * * ®® ® *5*^? ®°®° * * ® ® 
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{ via ) barometric pressure correction 
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BAROMETRIC PRESSURE CORRECTION. 
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(3D\) 

TABLE FOR FSE WITH BLOUNT’S FLASK. 

SPECIFIC GRAVITY. USING 50 GRAMS OF 
CEMENT AND 50 c.c. OF OIL. 


VollUri'- <i| uil 

SpOillH- 

1 Voltniic 01 011 



U|'.|\II.\ 


Uriiv ity. 

.. 


— 

— 


;i-y.-s.-i 

15-90 

8-1-1.5 

IVHi 

3-812 

15-95 

O' 1 'Jo 

]rv20 

:>-20i) 

10-00 

8-125 

]r,-yo 

8-208 

10-ii5 

8-115 

].V-!0 

8-2 10 

10 io 

8-1115 

15-50 

8-225 

10-15 

8-0115 

i;.-rM 

8-215 

10-20 

y-oto 

15-1.10 

8-205 

10-25 

3-077 

15-65 

8-105 

lo-.-io 

8-067 

15-70 

8-1.^5 

10-85 

3-058 

15'75 

8-175 

10-)U 

3-01.9 

15-80 

^•165 

i0-'15 

3-039 

15-85 ! 

! 

S-1,55 1 

i 

16-50 

3-030 


50 _ 

c.c. disiJaced 
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(,85a) Table for Use with Anderson’s Specific Gravity 
Bottle using 150 grams of Cement and 200 c.c. of Oil. 


lUOllt. 

Siiccilif ' 

m’atiiy. ! 

i 

Di'ililact - I 

inOiit. ! 

1 

irmvh.y. 

T>)s)>Imco- 

SiHS'Hic 

t-pivity. 

4.VU 

1 

49-0 

3-001 ! 

53-0 

2*830 

•1 

8 ':i2« 

•1 

3-055 1 

-1 

•2-S2i 

■2 


-‘2 

3-049 1 

'2 

2-820 


a-411 


3*013 

*3 

2-811 

••1 


1 

3-036 

*4 

2*809 




3 -o.Sd 

•5 

2-804 

■0 


'8 

3-024 j 

*6 

2-798 

'7 

;>'2S2 ' 

•7 

3-0] S 

*7 

2-793 

•8 

1 

•,s 

3-012 

•8 

2-73S 


1 

-9 

3-006 

-9 

2 782 

40-0 

:t-2C,i 1 

:>(! 0 

3-O0O 

51*0 

2-777 

i 


-1 

2-994 1 

■1 

2-772 

•j 

17 

■2 

2-9SS 1 

-2 

2 767 


3 2l>‘ 

•3 

2-98-2 

-3 

2-7G2 

•4 

',\"2\V-'y 

•! 

2-976 

•1 

2-757 

r, 



2-970 

•5 

2-752 

■li 

3*2 111 

0 

•2'9‘)l 

•IV 

2-717 


3-212 

•7 

2-95!* 

*7 

2-742 

•8 

3-205 


2-953 

•8 

2'737 

Ml 

3-198 

"9 

2-947 

•9 

2-732 

47-0 

3-JlH 

51*0 

2-941 

55*0 

2-727 

•1 

3-IS.- 

•] 

2*935 

-1 

2-722 


3-17^ 

"2 

2-930 

*2 

2-718 


3-171 


2-921 

•3 

2-712 

•4 

1 3-i<;r> 

•1 

2-918 

■4 

2-707 


1 3-158 

•r* 

2-913 


2*702 

•6 

3-i:>l 

•9 

2-907 

' -6 

2-697 

•7 

3 -Mr. 

1 *7 

2-901 

, */ 

2-693 

•8 

1 3-138 

*8 

*2 *896 

' ‘S 

2 -HS8 

■9 

1 

*9 

2-890 

1 *9 

! 2-(;83 

48-0 

3-125 

r. 2-0 

‘2-8K5 

1 50*0 

1 2-678 

•1 

H-nii 

•1 


•1 

2-67S 

'2 

3-n-2 

*2 

-' 871 

•2 

2-6119 


S-IDO 

•3 

2-868 


2 604 

•4 

• 3*099 

•4 

2 *•''63 

1 

2-659 

I '5 

, 3-0!);i 

•5 

3-S.-)7 

1 *5 

2-654 

1 

3-080 

•6 

2 852 

1 ** 

2-650 

•7 

3-080 

■7 

-2-SII-. 

i 

2-645 

■H 

3*074 

•K 

-3-831 


2-640 

■9 

3'0«8 


2*836 

1 

I 

2-636 



Si), irr, = 

150 




. _ _ liiO_ 

* c.i'. (lii'iiluceil 
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INDEX TO ANALYTICAL PIIOCESSES. 




AnaIA.SIS of Af^h <*l . 

. b-1 

04 

-- - 

141. Hi 

117,118 

— -■ f'al.Mo(*\jv S}»al(“, 


23 

- - on iL'iution, 

H) 

23 

— - - Silica, 

17 

24 

-.- ^ Aluiiuna aii'l Feme OakU 

, . I7t 

2.5 

- - - - -- Kerrif' Oxide, 

I7i 

20 

—-- — jJior and Mamu'sia, 

. 17.' 

20 

.— Ci'incni. ... 

. 11(> 

m 

--SiHo.i and Insolulde, . 

117, I'jrt 

102. 107 

— — hi'^oliiMc, .... 

. 127 

lOO 

— - ---Alumina and Fcnic O-xidc, . 

.IIS, 124 

102, 107 

-- - FcriicO\i<U*. 

iis. list 

103 

- - - Linu', .... 

liH, 120. 125. 
i;{2 

lOJ. 108, 112 

_ ----Magnesia, .... 

.121, 12(i 

105. 108 

- — • Alkahe.i. 

. 122 

loti 

- . -- Sul^thuric Aniivdiidi*. 

. 128 

no 

- - - - - Sulphur as SuJjtliklc, . 

. 120 

no 

— ' - - Loss on IfiiuUon, 

. 130 

in 

- • — (’arbon Dioxah-, . 

. !:ii 

112 

— _ Kc'Uc’h 

. 134 

114 

— - ... . Silica and Insolnblo, . 

. 13.5 

114 

...- Alumina and Ferric Oxide, . 1,‘ld 

114 

-- . . Lime and Magnesia, 



--- — Sulplmric Anli^dride, . 

. 137 

114 

.... - -Water, 

Ills, l.'iht 

115 

- Chalk, ..... 

1 

0 

... Moisture, .... 

. 2, 3 

0, 7 

—---- Lous on Ignition, 

4 

7 

- Silica and Insoluble, . 

5 

8 

-- Alumina and Iron Oxide, 

7 

11 

- Lime. 

8, 8f<, 88, It, 10 

11.12 13 

-- Magncaa-, .... 

. u 

14 

- Alkalies, .... 

12 

10 

--- Sulpbate**. .... 

. 13 

10 

— ---- (Carbon Dioxide, . 

. 14. 15 

17, 20 

-— Clay,. 

. 18 

20 

-Soluble S.alts, 

. 188 

28 

-^ ■ Carbonates, 

-Sand and Insoluble, . 

. IKo 

28 

19, 20, 22 

28, 30 

-Silica, . ... .23 

--Alumina and Iron Oxide, Ume and 

30 

Magnesia, 

. 24 

31 






1(1(1 INDEX TO ANAI.YTICAL PROCESSES. 


I’AUAOKAI’M 


Aual\sis ol (.'lay, Jroii Oxkk-, 

. J<), L'7 

:ti. ;{2 

Loss oij ItrriiUoti. 

. 1>S 

:;:i 

Sul|>liur, 

L‘!» 

:i:i 

Sulphate-'. . 

:mi 

;;i 

AlKulicv. 

:ii. :k\ :l»/> 

:{i> 

(’oal. 

r»7 

00 

Moisliiic. 

. .'»s 

til 

Ash. . 

,v» 

t;i 

\<*l.itik-Mallei. 

III) 

11! 

Ki.\e»l (’aihon. 

<;i 

t>2 

(’oKe. 


02 

Siilplnii, 

h:\ 

(>;: 

Calorilie V.ilu<- 

on 

1.4 


<i7 

t.T 

CnLe. 

f).7 

l.l 

Uolomile. 


22 

Cl.ie 

.11., IT. !7/<. IT' 

24. 2.7. 

C.ls, . 


!M 

- CoUeelnai o! e\rtlMj'l' 

i<4. 10.-. 

0.'> 

< .11 lam 1 >i(-\ule. 

. loii. 1 It, 

IM., 07 

(‘Wlff'll. 

. 107. 1 1 1 

tn>. 0^ 

('.xi Won -Motioxidi, 

. los. 1 12 

00. IMi 

- Xitro^eii, 

1 1 ;t 

00 

- .iiul Melham . 

i 1 1 

!»0 

(lypsinii {'•(’c < Vnieul. Ket ne'-'i. 

. i:u 

1 14 

- J.<micsJ.one I'hdMv), 

1 

b 

- Liin’*. 

no. 1 i.t 

11.7 

- Luhneaiils {< liKi. 


07 

- Mrt'iiiosiaii Liuiestoiics (l><)jouult| 

22 

Mail (.scp (.huill <’lay). 


2:> 

NatniMi Cenienl IJocU. 


;{7 

-Oils.. 


t.7 

l.<o.ss or < Jain on Iv\pO'on 

lls 

o.s 

Spcpille (.JravJl.v. 

Oil 

(>0 

- \’lSCA)hJt V. . 

70 

7o 

Flash Foint. 

. 71, 70/ 

7^ 

- Flee .Mineral Aeieis. 

72 

72 

- Frm- Fatty Aeid. 

7:i 

T,i 

• ■ SapouihtMiion Nunihci 

71 

72 

- - - - rnsaponiliahh'Mail*''' 

71/. 

74 

- JoilitK-Numher, . 

7F 

75 

.Uosiii and liosin OiF. 

l^rl 

77 

-SidphuT, 

7F 

70 

Jdaster {svf Keene's CenienO. 

. i:u 

t)4 

• - Kaw Materials (.vee Linn'sLone and ('lii\). 1. IS 

(i, 20 

.- Metals (.see SUiiT\), 


14 

-Sli.iles. Sandstones. Slates. 


27 

- Stub's. 


27 

- -Siliea. 

'X\ 

27 

• Alumina and lr<»n (>\ide. 

:{4. :tr. 

2S 

Mansaucse Oxide. 

. :hi 

2s 

— Lime. 

:i7 

2,S 

• MaeiU'siji, . 

. ds 

2 s 

- - l’l»os]ihorMs. 

. :{!* 

.20' 
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AnalvHis oi SlagH, iSulpliur,. 

:;9. 

:i!l, 4(1 

_ --blurry. 


44 

---Sam]>lin'j, . . . . • 

ii 

44 

_ -- Moisture,. 

4.» 

- . -—— Loss on IgiiUion, 


47) 

- Aluniiuma, Liint, (Ic.. 

44 

4o 

----- - Kiucioss, ..... 

4b 

4b 

- — t'iilodui! I .irhoimtr on Cnleiinelei. 

- Ciilciuin ('arboiiate bv SbimlanI 

47-rd 

•17-51 

;\' id. 

r»2 

54 

- ■ WiKi. 


7b 

‘ '.ibriion v\ Huiupb-. . 

/.> 

7b 

• oloin'. Odour. lU'at'lioD. 

7(i 

< • 

Si'vlinK'iil and iSusftJ iidcd AlatU'i, . 

77 

i 1 

— — —- d’ota! S'lll<|^. . . . . 

7S. 7b 

7b 

— - -• ('Idorntc. . ... . 

so 

7b 

-- - - HnrdiM-s'i. . , . SI. Sib 84, 

S.’i.S(..S7.SS,S0 


- - - I’roe Amrmnua. . . . . 

IKl 

S." 

- — Allmutinoid Ammonia. 

b4 

Sb 

__ ■ Oxycen to oxhIim^ Ort'aiiir Muller. 

bo 

Si 

—. Nitrativs and Xdrites. . 

bfi. b7 

ss. sb- 

. - -Poisonous Abdnls. 

!»8 

!M) 


1 ( 
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